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Abstract
In the face of growing competition in the Tantalum business, H.C.Starck's management is
minimizing the delivery time for custom-made capacitor-grade tantalum wire products. H.C.
Starck, Inc., Newton, Massachusetts faces challenges in its production environment to meet
customer demand in an effective manner. Specific challenges include poor forecasting
abilities, variation in customer demand, long component lead time, and expensive
components.
For this study, the desired delivery time reduction is to be achieved by establishing
intermediate inventory buffers, setting appropriate inventory targets in an order-up-to-level
inventory management model that considers sources of variation, time requirements, and
customer service goals.
We addressed a number of goals. First, we tied demand variability into traditional demand-
focused models. Second, we develop more standardized and simplified inventory targets.
Finally, we develop a production scheduling system that smoothes production, simplifies the
scheduling process, and helps in achieving desired customer service level and the inventory
targets.
Thesis Supervisor: Donald Rosenfield
Title: Senior Lecturer, Sloan School of Management
Thesis Supervisor: Professor Thomas W. Eagar
Title: Thomas Lord Professor of Materials Engineering and Engineering. Systems
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Chapter I. INTRODUCTION
1.1 THESIS OBJECTIVE
The objective of the work described in this thesis was to minimize the delivery time for
custom made capacitor grade tantalum wire products produced in the wire manufacturing
facility of H. C. Starck Inc. (a wholly owned subsidiary of Bayer Material Science Company)
in Newton, Massachusetts and sold worldwide. Specifically, the desired delivery time
reduction was to be achieved by establishing intermediate inventory buffers, setting
appropriate inventory targets in an order-up-to-level inventory management model that
considers sources of variation, time requirements, and customer service goals.
This work is the product of collaboration between H. C. Starck and the Leaders for
Manufacturing program at MIT. The data presented in this thesis was collected in the wire
manufacturing facility of H. C. Starck in Newton, Massachusetts.
1.2 PROBLEM STATEMENT
Shortening order-to-delivery (OTD) times is a strategic business goal for companies in many
industries and the wire production industry in particular. Advantages of shorter delivery times
include the ability to respond more quickly to the customers requirements, avoidance of the
lost sales due to lack of raw materials and semi-finished products and elimination of
manufacturing inefficiencies related to excessive or unusable inventory. On the other hand
the pressure to reduce inventory investments in supply chains has increased as competition
expands and product variety grows. Managers are looking for areas they can improve to
reduce inventories without hurting the level of service provided to customers as supply chains
become leaner.
In the face of growing competition in the Tantalum business, H.C.Starck's management is
minimizing the delivery time for custom-made capacitor-grade tantalum wire products. The
company faces challenges in its supply chain and production environment to meet customer
demand in an effective manner. Specific challenges include poor forecasting abilities,
variation in customer demand, long replenishment and production lead times, and expensive
raw material.
Inventory serves as a buffer against for uncertainty and variability in the supply chain In
order to provide the customers with high levels of service, the manufacturer needs to
maintain increased amounts of inventory. Also by carrying inventory manufacturing firms
can insulate or buffer their performance from the effects of supply chain variability. The
amount of inventory a company must hold to meet required or a desired customer service
level (CSL) depends on the level of variability in supply and demand.
In the face of these challenges the company must answer these fundamental questions:
What is the best way to maximize the probability of meeting the customer's delivery time
expectations at minimum cost?
Where inventory should be held to effectively meet delivery targets at minimum cost?
What is the appropriate level of inventory on a production floor to meet customer demand?
Once these inventory targets have been set, how can they be met and maintained?
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By answering these questions H.C.Starck is able to successfully improve customer
responsiveness of its supply chain. This thesis analyzes the customer-facing aspects of
H.C.Starck's manufacturing design and will focus on optimization of inventory levels and
inventory placement using the concept of "service level".
1.3.THESIS OVERVIEW
This thesis has four main sections. Sections 1 and 2 include background material describing
the setting for this research. Section 3 describes the framework that was used to set
appropriate inventory targets and the application of this framework at H.C.Starck's Wire
Manufacturing and Technology Department production floor. Section 4 provides conclusions
and recommendations. For reasons of confidentiality some data (including volumes,
forecasts, etc.) in this thesis has been disguised.
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Chapter 11. BACKGROUND:
2.1. SETTING
I conducted the research for this thesis at wire manufacturing facility of H. C. Starck Inc. (a
wholly owned subsidiary of Bayer Material Science Group) in Newton, Massachusetts, from
June through December, 2004.
H.C. Starck is a major international producer of tantalum and niobium products for the
electronic, semiconductor, chemical, pharmaceutical and other specialized industries.
Capacitor grade tantalum wire is a critical component in the manufacture of capacitors for the
electronics industry. A leader in the global passive electronic components industry since its
inception, H.C. Starck has continued to maintain its strong position through high quality
product offerings in demanding applications.
Subject of my research was the H.C. Starck Wire Technology and Manufacturing Department
(WTMD) capacitor grade tantalum wire production process.
2.2.1. TANTALUM
Tantalum is a rare metal, gray in color, malleable, ductile, behaves mechanically similar to
steel, has a very high melting point (2,996 'C), and has a resistance to corrosion superior to
Titanium. These unique physical properties and high cost define its uses.
Tantalum was discovered in 1802 by Anders Gustav Ekeberg of Sweden using an ore sample
from Kimito, Finland. He named the newly discovered element after King Tantalus of
Phrygia, from Greek mythology, who was condemned to eternal frustration by standing up to
his neck in water that receded when he tried to drink it. Ekeberg shared King's Tantalus
frustration when he tried to isolate tantalum (Hunziker, 2002).
Tantalum has many uses due to its particular physical properties. Its oxide exhibits
exceptional dielectric properties such as very high volumetric efficiency and reliability.
Tantalum's corrosion-resistant character, similar to glass, is ideal for chemical processing,
and makes it one of the best materials for body implants. Tantalum improves the refractive
index of lenses to make them thinner, and it provides X-rays with a brighter image, while
reducing the radiation dosage to the patient (Hunziker, 2002).
2.2.2.TANTALUM BUSINESS
The business challenges faced by a tantalum wire producer are better understood once one is
aware of the whole tantalum value chain. Tantalum starts off in the earth as a mineral;
tantalite, microlite, and wodgilite primarily. However, it is common practice to use the name
tantalite for the tantalum mineral (Tantalum-Niobium International Study Center website).
Tantalum is usually bound to Oxygen forming a tantalum oxide.
Tantalite is mined, and it goes through the common beneficiation processes to separate the
tantalite mineral from all the other minerals that together made the specific rock formation
mined. For example, to separate metal from ore the solvent extraction technology is utilized.
Tantalum is separated from niobium by reacting the ores with a mixture of hydrofluoric and
sulfuric acids at high temperatures. Tantalum is then recovered as either potassium tantalum
fluoride (K2TaF7), or tantalum oxide (Ta205), and niobium is recovered as niobium oxide
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(Nb205). After the tantalite is separated, it is sold to a specialty materials company such as
H. C. Starck Inc., which transforms it to the tantalum powder.
Because of tantalum's high melting temperature and high affinity for oxygen, a number of
tantalum metal products are produced through powder metallurgy methods. Tantalum powder
is usually produced by reducing potassium-tantalum-fluoride with sodium in a molten salt
system at high temperature. Tantalum powder is sintered (consolidated) into bars to produce
wire. A significant portion of the tantalum produced, about 50% (Tantalum-Niobium
International Study Center website), is sold as capacitor grade powder and only 8% is sold as
tantalum wire. More than 90% of the tantalum wire produced is used for capacitor anodes.
The consolidation of metal powder for ingot and processing into various metallurgical
products begins with either vacuum arc melting or electron beam melting of metal feedstock;
comprised of powder or high purity scrap where the elements with boiling points greater than
tantalum are not present. Double and triple melt ingots achieve a very high level of
purification.
Tantalum ores are found primarily in Australia, Canada, Brazil, and central Africa, with some
additional quantities originating in Southeast Asia. The average yearly growth rate of about 7
to 11% in tantalum demand since about 1995 has caused a significant increase in exploration
for this element.
The Sons of Gwalia Ltd. from its Greenbushes and Wodgina mines in Western Australia
operates the largest source of tantalum mineral for the moment. These two mines combined
produce between 25 and 35% of the world's supply, with production in 2004 reported at
approximately 2.5 million pounds.
Tantalite is also mined in Canada, Ethiopia, China, and Brazil. The central African countries
of Democratic Republic of Congo, and Rwanda used to be source of significant tonnages.
AFRICA AMERICA
13% 16%
AUSTRALIA OTHE ASIA
41% 8% 22%
Figure 1.1. Estimated worldwide resources of Ta in ore
(633mln lbs of Ta contained ore) (2000)
Between 1999 and 2001, illegal tantalum mining in the Kahuzi-Biega National Park partially
financed the civil war in the Congo. In response to the crisis in the Congo, the U.S. House of
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Representatives passed a resolution in September 2001 that banned the purchase of tantalum
from the Congo. Tantalum's price skyrocketed to over $500! pound, an increase of ten-fold
within several months, in the face of distorted news stories about shortages. Slogans, like
"Blood Tantalum" and "No Blood on my Mobile," became haunting symbols of the scramble
for tantalum among major corporations that locked in astronomically high contract prices for
future delivery of the rare metal from legitimate sources. In June 2003, The UN Security
Council issued a statement on the "Illegal exploitation of natural resources and others forms
of wealth of the Democratic Republic of the Congo." In that statement, the panel of experts
recorded the reactions of individuals, corporations and countries involved in the tantalum
business.
The Tantalum capacitor market, along with the rest of the electronics industry collapsed at
the beginning of 2001. The wire part of the business has been the first to "recover." The
WMTD has led profitability for the site for the last 3 quarters of 2003, while many other
departments were loosing money. That was the first indicator of the market recovery in 2003.
During 2004 the Tantalum wire business not only "recovered" from the collapse at the
beginning of 2001 but also the sales exceeded its 2000 demand-peak in the second part of
2004, when all wire manufacturers had to operate at theirs capacities.
Figure 1.2 shows the recovery in wire sales volume. 2003 was already an improvement in
wire sales, and 2004 sales exceeded shipments in 2000.
Thousands of Pounds
160 142
140
80
20
0
1999 2000 2001 2002 2003 2004
Figure 1.2.Wire sales volumes for H. C. Starck
The effect of the market collapse of 2001 was a price war not seen before in the industry.
Unfortunately this effect will probably not fade away. The average tantalum wire selling
price has been going down consistently since 2000, and it is predicted to keep going down in
the following years. This creates a tremendous pressure on wire producers to reduce cost in a
way that they had not seen before. As a result, the custom made wire production was below
break-even in the second half of 2004.
2.2.3. COMPETITION
Tantalite, the raw material, is a commodity and there are no supply issues at this time. The
moderate influence that suppliers have is reflected by the fact that a large portion of Tantalite
is purchased on long term take-or-pay contracts. Capacitor factories can produce Tantalum
capacitors with Tantalum wire from any of the four producers, there are virtually no
switching costs.
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The tantalum industry is well established and there are considerable barriers to entry due to
the complexities of Tantalum production technology and high capital investment required.
For space constrained applications, Tantalum capacitors have no current substitute. The
market for Tantalum products used to be controlled by only three firms. In general, this
would point towards low rivalry; however, Ningxia Metals (People's Republic of China) has
steadily grown from a small player to a major one and is threatening the status quo of
competition in this industry.
Sputtering Military
20/ 1%
Chemical Process Other 3%
1%
Capacitor Products 59%
Other Electronics - Powder 50%
and Optics 
- Wire 8%
7% 
- FP 1%
Superalloy
9%
Carbides
11%
Figure 1.3. Tantalum demand by end market (2004)*
*Approximate Yearly Tantalum Demand - 5,000,000 lbs
Ningxia Metals' low cost structure has enabled them to be a low cost provider of Tantalum
products, with the net effect of eroding average selling prices. As a result Ningxia Metals
aggressive marketing policy led to wire production below break-even in second part of 2004.
H. C. Starck's main competitors in the Tantalum business are Cabot Performance Materials,
Showa Cabot Supermetals and Ningxia Non-Ferrous Metals. Together with H. C. Stack they
are the most significant players in the Tantalum business. Below is a short description of
these two key competitors in the Tantalum powder and wire businessi.
a. Cabot Performance Materials, http://www.cabot-corp.com. In 1978 Cabot acquired a
tantalum processing facility in Boyertown, Pennsylvania. Cabot has an interest in a
number of raw materials suppliers (producers of concentrate). This includes an equity
investment in Sons of Gwalia, as well as the Tanco Mine. Cabot Corp. is a publicly
traded company whose shares trade on the NYSE under the symbol CBT.
b. Showa Cabot Supermetals produces capacitor grade tantalum powder by the sodium
reduction of imported potassium flourotantalate at its plant in Kawahigashi-Machi,
Kawanuma-Gun, Fukushima Prefecture of Japan. The plant produces Ta powder, Ta
tubes rods and sheets. The company also acts as an agent for the marketing of
imported tantalum products from Cabot Performance Materials (USA).
c. Ningxia Non-Ferrous Metals, http://www.nniec.com. Ningxia is the third largest
tantalum processor. They have strong ties with one of the key tantalum capacitor
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manufacturers; Vishay Intertechnology. Ningxia is headquartered in the People's
Republic of China and has operated for many years as a low cost producer. Tantalum
powder and tantalum wire are the main products offered by Ningxia.
2.2.4. Capacitor Manufacturers
Company Name Description Website
AVX Tantalum AVX makes the world's smallest http://www.avxc
Corporation tantalum capacitor. It is controlled orp.com
by Kyocera.
Kemet Electronics Corp. Kemet specializes in solid
tantalum and multi-layer ceramic http://www.keme
capacitors. The company began t.com
publicly trading its shares in 1992,
and is the largest manufacturer of
solid tantalum capacitors.
NEC Corp. NEC's tantalum capacitors
provide advanced technological http://www.necel.
design and performance com
characteristics such as filtering,
bypassing, decoupling, blocking
and RC timing circuits for
industrial, entertainment and
medical electronics use.
Vishay Intertechnology Vishay makes most of the small
components necessary to build a http://www.visha
typical mobile phone. Its y.com
components are in many products
including wireless devices and
military products.
2.2.5.TANTALUM PROCESSOR VALUE CHAIN
H. C. Starck, GmbH. (Goslar, Germany) buys ore from Sons of Gwalia Ltd. (Western
Australia) who operates the largest source of Tantalum and is responsible for separation of
the tantalite mineral mined. Tantalum mineral is shipped to Germany, where the company
concentrates and refines it into oxide. Tantalum "double salt", K2TaF7, free-flowing white
powder, is shipped from Germany in pallet-sized containers to the Ta powder production
operations worldwide, including to the company plant at Newton, MA. A large portion of the
powder is further refined and graded, and sold for the production of sintered tantalum
capacitors. Some of the powder is sintered into bars for the production of wire, also mostly
for capacitors. Finally, H.C.Starck sells powder and wire based on the needs of the capacitor
makers. This wire is sold to the capacitor manufacturers, who in their turn sell their products
to the original equipment manufacturers (OEMs) of computers, upscale cellular phones and
15
PDAs who in their turn sell their products to the end consumer. Figure 1.4 shows the
tantalum powder, wire and capacitor value chain.
SDistributio EMS
Capa
Ir
Original Equipment Manufacturers
Capacitor Manufacturers
A
Powder and Wire Powder and Wire Processors
I
Ir BrokersMiners
Ores and concentrates
Figure 1.4. Tantalum Powder and Wire/Capacitor Value Chain
2.3.1. COMPANY OVERVIEW
In the 1980s, H.C. Starck GmbH was purchased by Bayer AG (Germany), and H.C. Starck
Inc. became a wholly owned subsidiary of H.C. Starck. HC Starck controls the majority of
their production from their facilities in Germany, Japan and the United States.
The company is organized into departments aligned with the industry and customers they
serve: hard metals (HM), chemicals and mill products (CH), electronics and optics (EO),
surface technology and advanced ceramics (OK), and fabricated products (FP).Two of these
business units operate at the Newton site; Electronics and Optics (EO) and Fabricated Parts
(FP). There is also a Site Services group in Newton that consists of all the service functions at
the plant such as human resources, accounting, maintenance and engineering, quality control
and safety. The EO group is primarily responsible for the production of tantalum powder, and
tantalum wire. The FP group is primarily responsible for the production of fabricated
tantalum parts such as alloy additives and sputtering targets.
The wire department reports to the EO group in Newton. The wire department owns research
and development as well as production of Tantalum, and Niobium wire. The Newton wire
factory is the only wire manufacturing facility at H. C. Starck. Therefore it produces wire
sold in North America, Europe and Asia. More that 90% of the Tantalum wire produced is
sold to the capacitor manufacturers; a small quantity is sold to medical implants companies.
The wire department is operated and managed by small group of people. There are 300
people on site. The factory runs 3 shifts Monday through Friday, and 2 shifts Saturday and
Sunday. H.C.Starck has a very engineering and data-driven culture. Originally being founded
16
by two MIT grads, H.C.Starck ( former NCR ) successfully continues to thrive and prosper
through the tradition of innovative production and products quality.
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BAYER GROUP
I Bayer Material Science - Operating Sub-Group
I.C. Starck Gmb I- Wholly owned subsidiary
O.C. Starck Inc. - Division of H.C.Starck GmbH
lectronics & Optic bricated Products Iardmetals Chemicals
Surface Technology & Ceramics - Five HCST Business Groups
H.C. Starck GmbH & Co.
KG
MI Corpit Staff flpnaItmottS
CH
Chemicals and
Mill Prnefisete
OK
Surface
Technology
and Advanced
FP
Fabricated
Products
MSO
and
RV
Marketing Services
Public Relations
Law and Insurance
FR FE
Finance and Research and
Accounting Develoment
MW PT
Procurement Production and
Engineering
PS
Human Resources Central Divisions
H.C. Starck Inc
HM
Hardmetal-Industry
EQ
Electronics and
Optics
Business Groups
Figure 1.5. Company Structure
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2.3.2. PRODUCT OVERVIEW
The Tantalum wire made from powder is the main component of tantalum capacitors. The
tantalum powder is mixed with a binder material and pressed around a small piece of
tantalum wire to make a "slug." Then, the binder material is driven off by vacuum at about
1500 C. This is followed by sintering at high temperature (15000 C- 20000 C) under vacuum.
A very dense and high surface area tantalum anode is created. The next step is anodization,
which would create a thin amorphous, dielectric layer of tantalum pentoxide on the sintered
powder structure. Tantalum is valve metal, and the amorphous pentoxide grown is able to
form a uniform, closely coupled layer over the tantalum surface. Figure below shows an SEM
picture of a slug which has been cracked into two pieces to show the dielectric layer.
SEM showing dielectric layer
Tantalurn metal
Tantalum Pentoxide (Dielectrie)
The cathode plate is produced next. This is achieved by pyrolysis of manganese nitrite into
manganese dioxide. The "slug" is dipped into a manganese nitrate solution and then baked in
an oven at approximately 250* C to produce the manganese dioxide layer. Usually several
external contact layers are applied; a graphite layer, a silver coating, and a silver-loaded
epoxy layer. The anode and cathode wires are dipped in solder, and finally the assembly is
dipped in an epoxy resin leaving exposed the anode and cathode terminations (Gonzalez,
2004).
By manufacturing utilizing powder metallurgy processes, H.C. Starck wire meet the rigid
requirements of the electronic capacitor industry by offering high performance in demanding
applications. The two types of tantalum wire produced by H.C. Starck, TPX and GPX, have
been specifically developed for use as lead wires in wet-, solid- and foil- type tantalum
capacitors.
H.C. Starck's specially engineered capacitor grade tantalum grade wire provides improved
straightness, grain size stability and ductility over a wide range of sintering temperatures. The
company plant at Newton currently produces its capacitor grade tantalum wire in three
different alloys and four different tempers which together with a large number of required
finished diameters result in more than 100 different custom-made final products (Figure 6.).
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Alloys: TPX 97%
Tempers: TPX Annealed 41%
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Figure 1.6. Custom Made Capacitor Grade Tantalum Wire Hierarchy
Example: Wire 0.0114" TPX Annealed
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2.3.3. PROCESS OVERVIEW
Tantalum wire is produced by pulling a tantalum bar through subsequent rolling and drawing
operations. Annealing is needed several times to relieve stresses generated by the significant
deformation that goes on during rolling and drawing (accumulation of dislocations in the
lattice), and to restore Tantalum's ductility. A process unique to Tantalum and perhaps
unique to H. C. Starck is the deposition of a thin oxide layer on the surface of the wire to help
the material flow through the rolling and drawing dies. Tantalum is a very malleable metal,
which helps in the wire making process. It means that it can undergo significant deformation
without cracking and/or breaking. On the other hand, Tantalum is a very reactive metal as
well, therefore, it would react with almost any surface that it becomes in contact with. This is
particularly challenging for the drawing operation where the Tantalum coil/wire is pulled
through a small aperture of a tungsten carbide die. If no precautions are taken, such as coating
the tantalum wire with an oxide layer, the Tantalum would react with the die material and
quickly "gum-up" the die leading to a wire break.
At H. C. Starck the starting bar is 1.1 inches in diameter and about 28 inches long and
weights 20 lbs. The processes used to convert this bar into capacitor grade tantalum wire are
shown below in Figure. 7 and described in the text below.
Figure 1.7. Current Tantalum Wire Process Flow
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The processes currently used to make Tantalum wire at H. C. Starck involves the following
process-steps (The process steps correspond to the numbers on each process shown in Figure
7.):
1. Point: The two ends of the bar are "pointed" (reduction in diameter) to prevent cracks
during the following rolling operation.
2. Rod Roll: The first rolling operation takes the bar from 1.1 inches in diameter down to
0.42 inches in diameter. This operation produces a square bar due to the shape of the
rollers. Due to adiabatic heating this first rolling step is paused half-way through to let
the bar cool down so it is safe to be handled by the operator.
3. Coil: The resulting bar is formed into a coil. The purpose of this operation is to
maximize the throughput of the cleaning, oxidizing baths as well as the annealing
furnace.
4. Clean and Etch: The coils are cleaned to remove the lubricant used during rolling as
well as any dirt from the surface of the coil. The surface of the wire is etched away in
a chemical bath to remove contaminants and leave a fresh Tantalum surface.
5. Batch Anneal: The coils are then annealed at a very high temperature to relieve the
stresses build up during rolling.
6. Rolling 2: This second rolling operations takes the coil and further reduces its
diameter in 3 passes. Each pass lead-time is twice more than that of previous one. It
takes 4 hours to draw a 1,800.00 pounds of wire once. Second and third passes
average 8 and 16 hours correspondingly. The coil has still a square cross section after
this operation. This mill has 3 sets of groves that are aligned for each pass, stretching
the wire to smaller and smaller diameter.
7. Rolling 3: The final rolling operation takes the coil down to 0.103 inches in diameter
and gives it a semi-round cross section in a single pass.
8. Clean and Etch: The coils are cleaned to remove the lubricant used during rolling as
well as any dirt from the surface of the coil. The surface of the wire is etched away in
a chemical bath to remove contaminants and leave a fresh Tantalum surface.
9. Batch Anneal: The coils are then annealed at a very high temperature to relieve the
stresses build up during rolling.
10. Batch Oxidize: In order for Tantalum to be drawn (pulled through a small orifice) a
smooth homogeneous coating is needed. At H. C. Starck, a process was developed to
grow a thin Tantalum oxide layer on the surface of the wire to accomplish this.
Exposing the coils to oxygen at high temperatures grows an oxide layer. Both
temperature and time and carefully controlled to produce the right type and thickness
of oxide in the surface.
11. Coarse Drawing: A wire drawing machine is used to pull the coil through a series of
dies with increasingly smaller apertures. These drawing machines are typically used
in every standard wire making operation such as steel or aluminum wire.
12. Clean and Etch: The coils are cleaned to remove the lubricant used during rolling as
well as any dirt from the surface of the coil. The surface of the wire is etched away in
a in a chemical bath to remove contaminants and leave a fresh Tantalum surface.
13. Batch Anneal: The coils are then annealed at a very high temperature to relieve the
stresses build up during rolling.
14. Oxidize: a thin Tantalum oxide layer is growing on the surface of the wire.
15. Final Draw: Final draw is mechanically and conceptually the same process as coarse
draw, but the wire is taken to its final diameter. It is the most critical process step
because: it determines the mechanical properties of the final product (elongation, and
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tensile strength), and is the only process where defects in the wire would not be erased
by the next operation.
16. Strand Anneal: Annealing after final draw is necessary to achieve high elongation and
ductility required by some customers. Therefore, some of the wire goes through an
annealing process in which a single strand of wire is passed through a vertical heating
element under inert atmosphere at very, very high temperatures. The temperature
needs to be even higher than in the batch annealing process because of the short time
the wire spends in the hot zone. There are two annealing work stations with different
machine rate (lbs/hr). To minimize lead-time of its operation about 80% of processed
wire goes through the faster strand annealing machine #1.
17. Spooling: The finished wire, with the right diameter and mechanical properties is re-
spooled into smaller quantities, and specific spool geometries depending of the
customer. An assumption was made here that 70% of finished product is required to
be made on a pattern level which is characterized by less fine winding, but takes half
as much time than level grade- spooling does.
18. Inspection: Diameter, chemical composition, mechanical properties, and current
surface leakage are checked on a sample of every shipment of wire.
19. Package: Each spool of wire is wrapped, bagged, and put into a box to protect the
wire during travel.
2.3.4. ORDER FULFILMENT PROCESS OVERVIEW
Order Generation and Order Processing Stage
The supply chain starts with the generation of customer orders. Order generation involves a
multitude of activities and interactions. Developing a relationship with the customer to
determine their needs and how the organization can best meet them is critical. This function
is most often performed by the sales and marketing groups through two-way interaction with
the customer. In addition, the product development and engineering groups play a key role in
this stage through their interactions with both the customer and the sales and marketing
groups. Since product development and engineering are responsible for developing solutions
to the customers needs, it is essential that they are involved in this stage of the supply chain.
It is important to note that sales, marketing, product development and engineering must
continually communicate with manufacturing to ensure that the organization can produce
what the customers want when they want it.
H.C. Starck's order fulfillment process starts when the customer places an order directly with
H.C.Starck either through the phone, fax or face-to-face with a sales representative. Orders
are then prioritized for scheduling purposes.
A new schedule for manufacturing is made every week. The materials are also received from
the suppliers almost weekly according to the schedule. The orders are built based on
customer requirements.
Once the orders are generated from customer needs, they need to be processed in a way that
enables the other stages of the supply chain to satisfy the orders. Order processing primarily
revolves around information flow and information management. In a more traditional sense,
customer orders are sent to manufacturing in a timely manner with all pertinent information
clearly stated so manufacturing can initiate production. The customer order must be tracked
from its origin until the order is complete (i.e. the customer need has been satisfied). In
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addition, order processing involves capturing customer data so that the information can be
utilized in a useful way (i.e. to improve forecasting accuracy, to quantify demand variability,
and to identify potential customers for new products).
At H.C.Starck the information flow, as shown in Figurel.8, is controlled by SAP/R3. A
custom ABAP (SAP's programming language) report was created to control all steps in the
process, reducing a period of time starting from first step (CO) to the third step (PO) to one
business day. Even though SAP is used, not all information flows were handled by the
system in a real-time mode. For example lead time data for each stage was input in SAP only
at the end of production cycle. As a result of it the lead time was distorted and elongated
almost by 25%.
Manufacturing Stage
Manufacturing involves a number of substages. The product may go through several different
operations and processes before it reaches its end state. Each separate operation can be
considered as an individual substage within the overall manufacturing stage.
Customer
Order
Sales
Order
Process
Order(s)
Material
Issue(s)
& Test
Products
Receipt(s)
Products
Shipping(s)
Figure 1.8. Current
Order Process Flow
The company uses a fixed production schedule to minimize equipment
downtime. Depending on batch size, wire type and diameter and the
lead time of tantalum wire production can vary significantly. WMTD
has a lead time between 28 and 47 days for its products (from receiving
the sale order to the shipment). There was pressure from the Sales
Department to reduce it to one week in an attempt to increase customer
service satisfaction level. There are several reasons that contribute to the
long lead times. The long lead time is mostly the result of the succession
of steps necessary to obtain a final product. Also, the equipment
traditionally used for wire making such as rod rollers, wire mills, and
wire drawing machines involve long set-up times. Careful analysis of
this data showed that lead times were not as high as initially thought.
Both mean and median lead times were less than 33 days vs. the general
perception of at least 40 days.
In order to reduce lead time from production to customer, we
recommend positioning intermediate inventory of partially finished
goods down stream along the production process flow to satisfy
customer demand faster while reducing demand variability through the
risk-pooling effect. Risk-pooling effect reduces demand variation since
demand variability on more high aggregate level ("parent diameters
wire") is less than on the lowest level ("finished wire")
As we aggregate demand across different types of finished wire, it
becomes more likely that the high demand from one finished wire will
be offset by low demand from the other wire.
The company manufactures its product in successive operations, each
one having its own ordering process, with apparently no intermediate
inventory between the phases. So, for each final product, several
sequential steps have to be completed. This widespread use of "make-to-
order" at each stage is justified by the company because
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there are "too many types of finished wire": implementation of a "make-to-stock" policy thus
does not make a sense. We can question this assumption because less of the half customers
generate the majority of the demand. Most importantly, we can question why every finished
wire, even with the smallest diameter, is made from the 1. 1" bar and not from some
intermediary stock of so-called "parent diameters" wires of smaller diameter. Placing
partially finished wire inventory into the buffer separating final production stage from
preceding, we would have only one order to reach the final diameter. So, each product will be
made to order, but from a closer stock in the manufacturing process.
The company thus needs to conduct an analysis of the parts for each alloy and for each
diameter range (l.l"-0.42", 0.42"-0.103", 0.103"-0.0346", etc...) in order to determine at
which stage they must place intermediate inventory, and which quantity. Recommendations
are made later in this paper. Finally, manufacturing needs to work with the logistics group to
ensure their products are delivered to the customer when promised
Logistics Stage
The logistics stage is responsible for delivering the products that are produced in the
manufacturing stage to the end customer. This stage may involve the use of warehouses or
distribution centers to hold the product until the customer's desired delivery date. In addition,
distribution may involve interactions with outside entities such as transportation carriers
(truck, rail, ship, and air), distributors, third party logistics providers, and end customers. The
logistics stage may also involve participation at the front end through the delivery of raw
materials and components.
Logistics operations can be classified into four main areas: Acquisition of Material: Initial
purchase and reprovisioning; Management of Resources; Warehousing; Distribution and
Redistribution of material; Maintenance (Repair or Overhaul); Disposal.
H.C.Starck logistics comprises its logistics department, tracking and air carrier companies.
Logistics operations that can be classified into four main areas: acquisition of material, initial
purchase and reprovisioning, management of resources, distribution and redistribution of
material; maintenance (repair or overhaul), disposal for the receiving incoming materials, The
goal of logistics department is to reduce supply chain costs while enabling warehouse
management system and transportation management system advanced supply chain processes
by integrating WMS and TMS. H.C.Starck's warehouse management system includes
activities related to inbound logistics such as receiving, inventory control, physical count and
inbound quality assurance. Another goal of the logistics department is to reduce labor
associated with receiving and inventory control functions, reduce on-hand inventory,
eliminate write-offs, and improve order fill rates through increased inventory accuracy, The
transportation management system focuses on outbound logistics activities such as loading,
pallet build, carrier selection and shipping. The goals of the transportation management
system are to lower outbound logistics costs by enabling carrier re-evaluation after an order is
completed, reduce labor associated with order release, picking, packing, staging, and
shipping, improve customer service by reducing shipping errors, improving lead times,
ensuring customer compliance and increase throughput by optimizing fulfillment processes.
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Chapter III. APPLICATION OF FRAMEWORK AT H.C.STARCK
While at H.C.Starck I developed a set of tools that are appropriate for setting inventory
targets throughout the wire production process. My long-term goal is to embed these tools
into the Wire Technology and Manufacturing Department's (WMTD) production and
inventory management processes. This set of processes would then constitute an effective
framework for providing required level of customer service and managing the inventory
level. This section also discusses the progress that we made while I was at H.C.Starck, and
highlights the work that remains to be done. The steps that we followed to implement the
framework are:
1. Understand measuring customer service
2. Understand demand and supply parameters which affect inventory
3. Evaluate and propose an enhanced manufacturing design
4. Choose an appropriate inventory model and use it to establish the appropriate inventory
targets
5. Use the base stock model base stock model adapted to account for lead time variation to
determine the appropriate inventory targets for WMTD
6. Develop an anticipation stocking strategy for orders with unstable demand
7. Identify and make necessary changes to meet inventory targets
8. Identify improvement opportunities
9. Establish a regular review process
Section 3 corresponds to these steps. The final section describes projected results.
3.1 Understanding Customer Service Measurement
One of the prerequisites for increasing customer responsiveness is understanding,
implementing corresponding delivery fulfillment performance metrics and ensuring that
proper indicators are in place to measure and provide visibility to those aspects of the supply
chain that impact customer service the most. This section will examine how H.C.Starck
measures customer service today from a supply chain perspective, and provide
recommendations for implementing a comprehensive set of customer-focused metrics.
How "service level" is defined for H.C.Starck's WMTD wire business? One of the first
challenges in applying traditional inventory models to H.C.Starck's wire business is coming
up with a specific and clear definition for "service level" since this term can be used to refer
to many different aspects in customer service.
The dimension of "service level" that is the most relevant to inventory modeling is
availability of product (e.g. Did we have exactly what the customer wanted when the
customer wanted it?). How much product that is available in safety stock inventory directly
impacts a company's ability to fulfill customer demand (i.e. the service level).
From an academic standpoint, the level of safety stock will affect a company's probability of
meeting demand during the replenishment lead time. Figure 2.1 .illustrates this.
The next step is to relate the ideas of product availability and service level to H.C.Starck's
business.
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One of the customer-focused metrics that H.C.Starck, including WMTD, monitor regularly is
one that relates to delivery performance "% On Time Shipments":
Overall= 74% Figure.1.10. Wire On Time Shipment Rate By Line Items
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Figure 1.9.Academic definition of "service level"
Figure 1.11. On Time Shipment and Capacity Constraint
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On Time Shipments (OTS,%) measures the percentage of total shipments where finished
goods have left the production floor on the estimated date needed to give the transportation
provider enough time to meet the requested delivery date (e.g. the best possible delivery date
that H.C.Starck could have achieved given current logistics and manufacturing design).
H.C.Starck tracks the indicator by product line items monthly and publishes it to a large
email distribution list that includes staff as well as executives within H.C.Starck. Figure 2.1 is
a sample of the monthly OTS report.
I { Cut Reues HCST
Material Description Batch Sales Billing Date PromisDate Weight Value Customer
Order ocument vs Billing Date vs Billing Date
Material Group Z60785
NRC®TPX
.01083"/.275mmDia Ta
Wire Anneal TPX144B 33961 7039310 18 -3 33.00 $ 2
NRC®TPX
.01083"/.275mmDia Ta
Wire Anneal TPX131J 33961 7039310 18 -3 14.64 $ 2
NRC®TPX
.0075"/.19mmDiaTa Wire
Half-Hard TPX144C 33963 7039312 -3 -3 365.77 $ 3
NRC TPX.0059"/.15MM Ta
Wire Hard-Samsung TPX142F 34832 7039313 -3 -3 38.05 $ 4
Df 77 shipments, 76 were ontime and I were late for a rate of 99% using the Customer Requested Date and the 0 day tolerance.
Df 77 shipments, 77 were ontime and 0 were late for a rate of 100% using the HCST Promise Date and the 0 day tolerance.
f $ sold, $ was ontime and $ was late for a rate of 89% using the Customer Requested Date and the 0 day tolerance.
Df $ sold, $ was ontime and $0.00 was late for a rate of 100% using the HCST Promise Date and the 0 day tolerance.
Of the 10146.44 pounds sold by weight, 8998.913 were ontime and 1147.525 were late for a rate of 89% using the Customer Requested Date
and the 0 day tolerance.
Of the 10146.44 pounds sold by weight, 10146.44 were ontime and 0 were late for a rate of 100% using the HCST Promise Date and the 0 day
tolerance.
Figure 2.1 Sample of the H.C.Starck monthly OTS report
Since performance bonuses for sales and production executives are tied to these metric,
executives are held accountable and incentivized to monitor how well some or other
H.C.Starck department has performed to these metrics.
At H.C.Starck, customers place requests for product directly either through the phone, fax or
face-to-face with a sales representative. These requests are supported (turning into purchase
orders) or not supported (sale is potentially lost). Each product request has a quantity (e.g. the
number of pounds) and desired timing (e.g. the desired delivery date).
Based on this reasoning, the definition for service level determined to be most appropriate for
H.C.Starck's current business is:
Service level = % of demand requested by customers with requested date and requested
quantity satisfied
This definition of service level is what many companies equate to "fill rate" (e.g. percent of
demand that is filled). Fill rate is a concept that is often more familiar and specific to supply
chain and logistics professionals. We will use "fill rate" and "service level" interchangeably
from this point forward, and apply it to this analysis.
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Once this base definition has been determined, the next step is to translate this service level
definition into concrete and measurable terms that relate and fit best with H.C.Starck's wire
business. After research of literature, Internet and informal interviews with supply chain
professionals, the service level measurement can be presented in couple ways (see table
below) (Chow, 2004) Each of these methods has its merits and potential flaws. A company
should select the one method which will provide the richest information that can drive action
and can impact the bottom line the most. For H.C.Starck, market share and volume are
extremely significant so method 1 "by total % of units fulfilled" would be most appropriate.
The delivery fulfillment performance metrics that the company has in place today as
described above can be varied in dependence of a goal and functions.
For example, the OTS delivery performance metric used today by WMTD focuses on
"internal" performance. This key performance indicator answers how well WMTD is
performing in getting goods out the door in time to be delivered by transportation companies
to customers, but it does not provide any visibility into whether the customer actually
received their goods by their requested and promised dates. Whereas sales department
captures data on when customers actually receive their goods and whether the quantity is
what was requested. The Sales Department has a commitment for a 24 hours response for
every customer and corresponding indicators that allow controlling a customer response By
keeping multilayer delivery fulfillment performance metrics the company is able to meet its
shipping date for an order and get the goods out of the production facility to give haulers
adequate lead time.
Methods to Places Advantages Disadvantages
Measuring importance on
Service
Level
1. by total % as many units - incentivizes employees to - may bias towards fulfilling
of units of demand as give priority to largest large custofirst and putting
fulfilled* possible are orders (and largest smaller customers second -
fulfilled customers) potential for fulfilling few
very large voluorders and
ignoring mansmall volume
orders
2. by total % as many order - theoretically gives all line - missing an order line item
of order line line items as items (no matter what size of 100K units is worse than
items possible are of customer) equal weight - missing an order line item of
fulfilled* fulfilled treats every line item and 10 units- may incentive
every custimportant - data employees to fulfill
may be more easiaccessible smallest/easier orders first
scompanies track delivery and put large orders
by order line item /customers second
3. By total % as many time - encourages 100% demand - if 100% demand fulfillment
of time periods as fulfillment every time is missed within a time
periods possible have period period, employees not
where 100% 100% incentivized to care whether it
of demand fulfillment is 95% or 50% fulfillmen
was fulfilled*
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To H.C.Starck, missing 10 units or 100 units is a huge difference, which is why method 2 "by
total % of order line items fulfilled" would not be ideal. For another company where
customer service is the main differentiator and it matters that every order, whether large or
small, is fulfilled with the same importance, method 2 may be more appropriate. Method 3 is
the most appropriate in companies where tracking the total of all time periods in which there
was 100% demand fulfillment is more important than tracking units or order line items.
I came into conclusion that the most suitable service level measurement for our case is to
calculate a total percentage of units fulfilled. For H.C.Starck, market share and volume are
extremely significant so method "by total % of units fulfilled" ("fulfilled" here refers to
fulfilling both quantity requested and date requested) would be the most appropriate.
Thus, for H.C.Starck's wire business:
Service level = % of all units requested by customers with requested date and requested
quantity satisfied
As it was discussed earlier (section 3.1) H.C.Stark current system of Key Performance
Indicators includes "On Time Shipment" indicator.
On Time Shipment = % of wire (ibs) requested by customers with requested date and
requested quantity satisfied
The definition of H.C.Starck's service level metric coincides with the definition of service
level indicator for "total % of units fulfilled".
For the thesis purpose we used OTS indicator as a external signal of customer satisfaction.
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3.2. Understanding Demand and Supply Parameters Which Affect
Customer Service Level and Inventory
3.2.1. Demand Variability
A critical element in determining a proper inventory policy for a particular item or set of
items is an analysis of past demand (or usage). For semi-finished wire one must ask how the
usage changes with time or with other factors. Time patterns in the usage (e.g. once every
two weeks) and the amount and type of variation of usage are also important. If the usage
patterns are repeating in time, then a fixed ordering pattern may be used. Additionally, if the
variation of usage fits an existing statistical model (e.g. a normal distribution), then the
determination of a proper inventory policy may be greatly simplified.
We begin by analyzing the available data relating to the finished wire usage. First, we select
the items we want to analyze. Then, we perform trend analysis for each item to see whether
there is an increasing or decreasing usage trend with time or whether the usage exhibits
regular or distinct patterns.
Having analyzed historical sales volume and value over the last three years we noticed that
out of 31 different customers 9 represented 90-94% of the volume (lbs) sales and 84-86% of
value ($) sales. In order to ease detailed monitoring and forecasting we decided to
concentrate on those 9 primary customers.
Monthly Wire Sales (lbs)
Sales
(lbs)
n, iD CC) ( C6 f . P : C O C O CC D C C CD M 0) C .- Ci N C.1 N M C C C W
Month
Figure 2.2. Custom made Ta wire sales trend (lbs) (1995-2004)
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Order demand of these 9 customers is characterized by relative order size homogeneity and
time uniformity. At H.C.Starck, these orders are easy to predict and are typically placed with
a due date that is more than manufacturing lead time. To deal effectively with infrequent
orders, I proposed an anticipation stocking strategy (described in section 3.6) that considers
stocking location, desired customer lead time, and capacity constraints. Having confined the
number of buyers we next analyzed demand by wire classification. Inventory is a function of
several factors, including demand (mean, variation), supply (mean, variation), time
(manufacturing and component lead times, review period, and customer lead time), and
customer service level targets. The first step in choosing an appropriate inventory model is to
understand the environment, including customer demand and product supply.
Since a manufacturer's goal is to match product supply to customer demand, it is important to
properly characterize the demand seen by the manufacturing system. This demand may have
an underlying distribution (e.g. normal or Poisson), but it may also depend on product
lifecycle phases, on seasonal factors, and on infrequent orders. These factors should be
considered when choosing a model and using it to set inventory target levels. The following
figure illustrates the different types of demand that exist for WMTD finished wire.
I found it useful in my research to consider demand with respect to the frequency of the
orders, customer lead time, and longer-term trends. The graphs on the Figure 2.3 show
different types of random demand without underlying trends. The graphs on the Figure 2.3
show trends which may underlie these random orders, including seasonality, and upward and
downward ramps related to product lifecycle. Other possible trends, such as ramps due to
marketing campaigns and competitive pressures, are not discussed in this thesis.
Rolling Horizon Orders
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Figure 2.3. Types of Demand
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3.2.2. Random Orders
One useful measure of order regularity is the coefficient of variation (CV), which is defined
as the ratio of standard deviation of demand to mean demand (sd/gd).The coefficient of
variation can be utilized as a relative measure of variability of a random variable. Ideally, we
want the CV to be as low as possible because the higher the CV the more variable the
demand. I divided finished wire into two types, "A-type" and "B-type" based on their
coefficient of variation. If finished wires have a coefficient of variation (CV=pdtFu) less than
1 it's a "A type" wire and finished wire having a coefficient of variation greater than 1 - "B-
type".
The results of the CV analysis applied to all of the items ordered for the big nine customers
are shown in Table. 1.
This analysis shows two things. First, demand was more stable in 2004 than in 2003. Some
possible explanations of that are demand exceeds supply, wire manufacturers worked at
capacities, orders placed couple months ahead and distributed over the year in more
homogeneous way, w/o disclaimer and changes. Second, the issue of data aggregation
becomes important in the analysis of both supply and demand variability. In the case of
demand variability, data could be analyzed at the wire level or it could be aggregated to the
alloy or temper levels. For that matter, the data could be aggregated by family (same temper)
instead of wire. The key decision is which level of aggregation is most appropriate for the
requirements of the supply chain work. The importance of aggregation is that it signifies a
level of substitutability. If a particular sku cannot be substituted for another sku in the eyes of
the customer, then the right level of aggregation should be the sku level. On the other hand, if
one "parent diameter" can be substituted for another "parent diameter", then "parent
diameter" level of aggregation may be appropriate. For demand parameters, we view the
relevant aggregation as "parent diameter" for WMTD.
Table.1: Wire Breakdown
2004 (lbs) 2003 (lbs)
Classification Criteria "A" "B" % "A "A" "B" % "A
ITEMS ITEMS items" ITEMS ITEMS items"
ustomer # 1 22395 284 98.75% 2728 3068 47.07%
ustomer # 2 27393 3339 89.14% 0 10121 0.00%
ustomer # 3 17449 0 100.% 0 4546 0.00%
ustomer # 4 10679 11441 48.28% 13424 8559 61.07%
ustomer # 5 1830 6403 22.23% 805 4732 14.54%
ustomer # 6 6242 2101 74.82% 0 11205 0.00%
,ustomer # 7 4470 0 100.% 4852 0 100.%
Dustomer # 8 12314 6 99.95% 8507 47 99.45%
,ustomer # 9 5605 494 91.90% 4582 363 92.66%
Customer- alloy-temper-wire-level 81% 119% 46.09% 53.91%
Customer- alloy-temper-level:
annealed 53608 0 100.00% 23165 9852 70.16%
half -hard 53744 3 99.99% 21306 0 100.%
hard 2161 809 72.76% 0 1233 0
extra-hard 22120 0 100.00% 21983 " 0 100.%
Customer- alloy-temper-level 93.19% -6.81% 67.54% 32.46%
33
There are potential benefits to managing inventory on more high aggregated level ("parent
diameter" level) from a demand variability perspective. By maintaining inventory on this
level as opposed to end product specifications (finished wire level), could lead to move some
of "B items" to an "A item" classification. Another way to smooth demand variations is to
forecast on high aggregated level (temper level).
The Figure 2.4 shows typical examples of "A-type", "B-type," and aggregate wire demand
over year.
The "A-type" product with relatively stable demand is called as a "fast mover". Typically,
these are the finished wires that mainly were produced from so-called "Parent
Diameters"0.1030", "0.0287", "0.0346", "0.0422" wire.
To meet customer requirement for "A-type" orders I used the base stock model to establish
appropriate inventory targets. "B-type" (typically produced from so-called "Parent
Diameters" 0.0568",0.0693" wire - "slow movers" with extremely variable demand) wires are
ordered so infrequently that when looked at on weekly intervals, they do not follow a stable
distribution. For such products, I recommended a slightly different approach for setting
inventory targets.
Items with a high CV (i.e, "B items") pose more of a problem from an inventory management
perspective.
"A"-type wire demand
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"B"-type wire demand
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Wire Annnealed wire demand
Figure 2.4. "A"- and "B"-types Wire Demand
When the base stock model is applied to a "B Item" the results of the model dictate carrying
excessive amounts of inventory to countermeasure the significant variability. In most cases,
the costs to carry inventory on highly variable items are too great. As a result, the analysis
would indicate that "B items" should be produced on a make to order basis rather than a
make to stock basis. Since keeping excessive amounts of inventory is usually infeasible from
a cost perspective, application of the base stock model may not be recommended and an
analysis of the trade-offs between service levels and costs needs to be done before the
decision can be made. However, the base stock model may also be a feasible methodology
for "B items" (especially if the market requires high levels of service) but the base stock
inventory level would have to be set differently (i.e., use judgment and data rather than
statistics).
The solution that we proposed is an anticipatory stocking strategy for meeting orders for "B"-
type finished wire. The idea of anticipation stocks consists in adding additional intermediate
inventory to counteract demand seasonality, capacity constraints, unanticipated large orders
and to smooth production. Decisions about anticipation stocks are not made at regular
intervals but at time when seasonal surges or other events occur. Thus it is not like a periodic
review system with stable demand.
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The logical scheme of building inventory to satisfy future demand based on its variability can
be seen on the figure 3.4. Following the inventory building roadmap I used base-stock-model
to set inventory targets sufficient for meeting random orders with stable demand (CV<1.0).
To meet orders with unstable demand (CV>1.0) I proposed to set an anticipatory stocks.
Anticipation stocking strategy is a set of inventory management measures allowing to
counteract demand seasonality based on expected wire availability, current capacity
constraints, and unanticipated orders. It enables the company to smooth its production.
IF CV<1
Base Stock Judgment based
Model Stocking
Periodic Review Base
Stock Inventory Model Anticipation Stock
Figure 2.5. Inventory Building Roadmap
3.2.3.Rolling horizon orders
Another type of demand is what we referred to as a "rolling horizon" order. For the number
of models, H.C.Starck has customers who place orders well in advance. On a monthly basis,
the orders for future months are updated. Orders within a certain time period are "fixed" such
that they can not change. This serves to provide visibility into customer demand. Since this
demand is known in advance, it does not necessarily require additional safety stock inventory
to cover demand variability (if demand is known far enough in advance, the forecast is
perfect and variation is essentially zero). The farther in advance that this demand is set, the
farther back the safety stocks may be held.
3.2.4.Trends
Seasonality
In general, demand often has an underlying seasonal demand component, at the weekly,
monthly, quarterly, and even yearly level. Upon examining demand data at H.C.Starck, I
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found that seasonality exists at the monthly level, with average orders being higher than the
grand average in the first part of the year and lower than the grand average in summertime.
The following figure shows the relative mean and variation of demand for each 42 weeks of
the year for intermediate diameter wire.
0.0287" wire demand
5000 
~
4000
3000
2000
1000 -
0
1/1 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10 1/11 1/12
0.0346" wire demand
6000
5000
4000
3000
2000
1000
0
1/1 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10 1/11 1/12
0.0422" wire demand
5000 - ~.
4000-
3000
2000
1000
0
1/1 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10 1/11 1/12
Figure 2.6: Demand Seasonality
At the time that I did this research, WMTD scheduled production weekly and the influence of
seasonality on operations was smoothed. I discussed the implications of this seasonality with
the production supervisor. A seasonal demand component will require him to decide whether
to chase demand through increasing and decreasing production or to smooth production by
carrying an additional anticipation stock to cover the seasonal demand peaks. To chase
demand, WMTD would staff up to meet the higher demands in the first half of the year and
staff down to meet lower summer months demands. He found it helpful to know about this
seasonality because it will help him plan maintenance and training activities for the end of the
summer when H.C.Starck usually has 2 week for maintenance idleness every year.
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While some production and sales people felt that there was also seasonality related to the end
of month, I was not able to determine if this was the case because data sufficient for a
statistical analysis did not exist on that level.
3.2.5.Lifecycle
Products go through different stages in their lifecycle, including:
* Product introduction and channel filling
* Demand ramp-up
* Midlife demand
* End-of-life ramp-down
A product's current lifecycle stage can help determine the approach to setting inventory
targets. During a new product introduction, filling the channel, and initial market acceptance,
stable historic demand data does not exist, so forecasts should be used to set the desired
inventory and production levels. During mid-life, forecasts or historical data can be used with
the base stock model to set the appropriate inventory levels. Mid-life represents the bulk of a
products lifecycle, and is therefore the focus of this thesis. However, shortening product
lifecycles are causing the midlife to shrink, making a smaller percentage of the product's total
life. As this trend continues, it increases the need for better methods for dealing with the early
and final stages of the product lifecycle.
3.2.6 Lead Time Variability
A good deal of effort was spent establishing the replenishment lead times for the all stages of
WMTD manufacturing process.
During my internship H.C.Starck used a combination of SAP MIS software and spreadsheets
for material planning, procurement, inventory and production management, shop floor
scheduling and general accounting functions. Though ERP system is assigned to gives real-
time access to all required information not all information in the system was precise and
reflected the real situation on the shop floor. I had to turn directly to primarily sources of
information on the production floor - job tickets, to correct SAP data on lead times.
MANUFACTURING
Phase"O" Phase"1" Phase"2" Phase"3" Shipping Wire
"Sintering" Diameter Parent Finished delivered
.103" diameters products
Actual:30-40 days 20-33 days 2-4 days 3-5 days 3-5 days
Figure 2.7. Ta Wire Manufacturing process flow
38
When all necessary data over the last three years was collected and processed we could see
that given current processes the manufacturing lead-time approximately lied within range of
28 - 47 days (Figure 2.7). Phase I "Main parent diameter 0.103" varied from 22 to 37 days,
phase. 2 "Five parent diameters" within 3-5 days interval and phase 3 "Finished wire stage" -
3-5 days range. Average manufacturing lead-time totaled 36 days.
There are several factors that may cause this lead time to fluctuate, but I think two reasons
constitute the majority of the lead time variability.
First, since the factory is organized as a batch and queue system and the equipment
traditionally used for wire making such as rod rollers, wire mills, and wire drawing machines
involve long set-up times, the company uses a fixed production schedule to minimize
equipment downtime. Lead time fluctuation is a by-product result of the equipment downtime
optimization. To minimize set-up times sometimes the incoming batch that is less in size than
capacity of downstream workstation has to wait couple days to accumulate a full batch size.
So the long lead time is mostly the result of the succession of orders necessary to obtain a
final product.
The second, is what I call capacity constrained replenishment lead time, which results from
the use of the current order fulfillment process to book capacity at WMTD. The promise date
for all orders is determined by the SAP recipe for each type of required wire. The SAP
reserves capacity by market on a first come first serve basis. Unfortunately, the WMTD does
not allocate capacity by customer and as a result has no sense of strategic value from a
customer perspective. Key customers may be quoted longer lead times because less strategic
customers happen to place their orders earlier.
Capacity constrained lead time can come into play when the order book is booked to near full
capacity (second half of 2004). For example, let's assume that the replenishment lead time is
four weeeks. If we require the customer to place firm orders six weeks out, there should be no
problem satisfying orders for that particular customer (since the replenishment lead time is
only four weeks). However, during heavy periods of demand, the SAP may book capacity
several months out. As a result, the mill may not have available capacity to start production
until two weeks from the time the order is received. Since you can't start production for
another two weeks due to capacity constraints and your replenishment lead time is four
weeks, it will take six weeks from the time the customer submits the order to the time the
customer receives the order. Therefore, due to capacity constraints, WMTD may be unable to
deliver products to a key customer who has entered their order into the system six weeks out.
This lead time variability is difficult to predict and can negatively impact customer service
levels (especially key contract customers).
3.2.7 Forecasts
I was not able to make a simple test of forecast accuracy comparison with a forecast based on
the actual previous demand data because data sufficient for a statistical analysis did not exist
and historical forecast data over the last three years was unavailable.
The practice at H.C.Starck was to raise the forecast when a large order was anticipated, and
lower it if it was clear that an order would not materialize. As a result, forecasts varied
greatly from month to month, and parts were expedited or cancelled as expectations of large
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orders changed. These fluctuations due to big orders increased the degree to which "beer
game phenomena" existed.
In summary, the main characteristics of this supply chain that affected inventory and
production targets were different demand types: products with high and low coefficients of
variation
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3.3 Use Power Chain Inventory Model to Evaluate and Design the
Supply Chain
Once I had developed an understanding of the WMTD's supply and demand parameters, I
was prepared to evaluate it and consider alternative configurations. The Power Chain
Inventory Academic (PCI), also known as The Strategic Inventory Placement Model (SIP
Model), provides a powerful way to evaluate a manufacturing design and set inventory
targets. It determines the best places on the production floor to stock inventory, and how
much inventory to stock at these locations, in order to provide maximal service in meeting an
upside-demand profile for each final-goods stage in the supply chain. I used the PCI to
determine where buffers should exist. While I could have used the PCI to determine
inventory targets, I chose to use the base stock formula for periodic review pull system
directly. The main reason for that was due to limited features and functionality of Academic
Edition of Power Chain software (limited number of stages, inability fully customize stage
and input properties, fixed 95% service level, base stock formula does not consider lead time
variation, no capacity constraints option ).It allowed creation of a graphical representation of
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Figure 2.8.1 PCI Model Proposed and Optimized Configuration of WMTD's manufacturing
design.
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Figure 2.8.2 PCI Model Proposed and Optimized Configuration of WMTD's manufacturing
design.
the WMTD manufacturing design. Inputs to the PCI include customer service time for the
final stage, customer service level, cost added at each stage, manufacturing cycle time at each
stage, and demand parameters (mean and standard deviation). An algorithm finds the lowest
total inventory cost to meet the desired customer service times for the whole production
chain. The PCI places safety stocks at strategic locations within the shop floor to de-couple a
process stage from downstream stages. Stages between safety stocks are coupled in such a
way that they are linked together in a single pull system. To illustrate this, figures 2.8.1-2.8.3
shows an example of the PCI Model user interface.
Each box represents a process stage. Within each box is either a circle which represents an
operation, or a circle and a triangle which represents an operation followed by a de-coupling
safety stock. In this example, the stages labeled phase "0 "Sintering plant" (phase 0), phase 1
"Main parent diameter 0.103" (phase 1), phase 2 "Five parent diameters"(phase 2), phase 3
"Finished wire stage" (phase3) and phase 4 "Ship to customer"(phase 4).
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We considered 3 variants of buffers locations (called further "Proposed") : between phase 1
and phase 2 (Figure 2.8.1 picrturel), between phase 2 and phase 3 (Figure 3.7.2) and phase 3
and phase "ship to customer" (Figure 2.8.3).
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Figure 2.8.3 PCI Model Proposed and Optimized Configuration of WMTD's manufacturing
design.
This 5-stage WMTD process flow design is a high level view of the actual manufacturing
design but for the purposes of the model it captures the key drivers of current design. Stages
without incoming links are procurement functions; for example phase "0 "Sintering plant"
(phase 0), (figure 3.7) represents the work involved in placing an order for a Tantalum ingot
plus the time it takes to receive the bar once the order has been placed. Stages with both an
incoming and an outgoing link represent processing functions that occur at WMTD's
production facility. The stage without an outgoing link is the point of contact to the customer.
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Alternate configurations are based on the existence of decoupling inventories. For example, if
the phase 2"Five parent diameters" is fully de-coupled from downstream stages, there is need
for an additional safety stock between it and the following stage in the optimized variant. The
PCI can be used to compare the costs of these various configurations. This comparison can be
used as a sort of sensitivity analysis of the costs of alternate configurations. The PCI analysis
may be used to guide manufacturing design improvements by setting inventory targets and
specifying de-coupling stock locations.
The PCI assumes a well-behaved demand distribution, no significant supply variation (yield
or cycle time), and a periodic review pull system. A major insight of the PCI is that by
looking at the current manufacturing design as a whole, we can reduce the number of
stocking locations for safety stock inventory, thus reducing the total safety stock investment.
In the case of the PCI's optimized configuration, there is no intermediate safety stock
between phase 1 and phase 2. The figure (figure 2.8.3) shows this optimized configuration.
It is also important to note that this product flow encompasses all of the stages that the
WMTD has direct control over. Some of the products that are procured are actually
purchased from other departments at H.C.Starck. Production planning at the stage labeled
"Sintering plant", would be done independently of downstream stages, due to its another
facility affiliation. For the first phase of this model's use, the WMTD only wanted to consider
those stages that were under its direct control.
When I compared the model of the proposed configuration (figure 2.8.1) with the actual
configuration, the difference in predicted inventory costs was a reasonably small 2.1%. The
proposed configuration inventory, however, was higher than the levels suggested by the
model for the optimized configuration (figure 2.8.2). Part of this difference is due to
additional stock needed to compensate for lead time variation at the phase 1. But even after
accounting for lead time variation, there is excess inventory which can be decreased and
relocated to the phase 2 on production floor.
Also converting from a one-stage model to two-stage increases safety stock requirements.
The single stage model for the whole system provides one of the lowest total inventory and
total safety stock levels. The reason for this is that the phase 2 and phase 1 processes are
viewed as one continuous step with no wire buffer in between and much of the variability in
demand for wire and demand for phase 3 are pooled together. This leads to lower safety
stock levels than in the case of two-stage model. This would be an expected result according
to traditional inventory theory. As phase 2 and phase 1 are decoupled from a one-stage model
into a two-stage model, each stage introduces its own demand variability into the system and
requires safety stock at phase 2 and phase 1. The overall safety stock needed in a two-stage
model typically is greater than that needed for a one-stage model even if all inventory model
inputs are the same.
Thus the Strategic Inventory Placement Model helped to identify opportunities for inventory
placement within the proposed configuration. After establishing the replenishment lead times
for the all stages of WMTD manufacturing process, we could see that the new enhanced
manufacturing design proposed by PCI fully coincided with our the prior view that we should
place buffer inventories at the "5 parent diameters" stage. In proposed design every finished
wire, even with the smallest diameter, is made from some intermediary stocks of so-called "5
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parent diameters" wires. So, each product will be made to order, but from closer buffers in
the manufacturing process.
After determination at which stage WMTD must place intermediate inventory next logical
step in development new enhanced manufacturing design was a task to calculate for each
"five parent diameters" wire an optimal quantity of FGI to meet required customer level.
3.4 Choose appropriate inventory models
This chapter will examine how different approaches affect the optimal inventory level and as
consequence the level of service the company provides to customers today.
A key to effective inventory management is the ability to set appropriate inventory targets.
Simple models can effectively replace the ad hoc approaches that are often used to set these
targets. An appropriate model yields improved targets that do not rely on years of acquired
intuition. Manufacturers can use these same models to identify and evaluate improvement
opportunities.
As described in the previous section, I used the PCI to determine where buffers should exist.
While I could have used the PCI to determine inventory targets, I chose to use the base stock
formula for periodic review pull system directly. The main reason for that was due to limited
features and functionality of Academic Edition of Power Chain software (limited number of
stages, inability fully customize stage and input properties, fixed 95% service level, base
stock formula does not consider lead time variation, no capacity constraints option ). For the
WMTD, I also used a base stock inventory model for demand and lead time variation.
3.4.1 The Base Stock Model
This section presents an explanation of the base stock model. For a more complete and
mathematically detailed description, see Zimmerman et. al. [1974].
The basic idea behind the base stock model is to set the Base Stock Inventory Level (B) to
cover demand over the replenishment lead time most of the time. The Base Stock Inventory
Level consists of both Work-In-Process (WIP) inventory and Finished Goods Inventory (FGI
comprised both Cycle Stock and Safety Stock). The Cycle Stock is the quantity of goods
required to meet demand until the next time that an order is placed. The Safety Stock is the
amount inventory that the company needs to keep to protect against deviations from average
demand during replenishment period Safety stock is the expected inventory you would expect
to have remaining just prior to replenishment.
Base Stock Model Assumptions:
* Demand roughly follows a normal distribution with a mean of ft d and a variance of
Cy d2 per unit time. This is why we can use the Z factor from the normal distribution table to
represent service level requirements.
" The replenishment lead time mean (L) and variance is known.
" Yield variability is not accounted for and is therefore implicitly assumed to be negligible.
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9 There are no capacity constraints for manufacturing (i.e., there will always be enough
capacity to produce what the model dictates).
" Inventory and ordering is done on a periodic basis.
* Replenishment orders are placed each period. With a periodic review system, replenishment
orders are placed on a regular cycle after each review period (r).
One of the cornerstones of inventory theory is the periodic review base stock inventory
model. This model is relevant for H.C.Starck: manufacturing process as inventory is
reviewed periodically at regular intervals and the appropriate quantity is ordered after each
review
With a continuous review system, replenishment orders are placed when the inventory (WIP
inventory plus FGI) reaches a designated reorder point (R). The order quantity is constant and
equal to a quantity we will call Q. (A continuous review system is actually referred to as a (QR)
model rather than a base stock model.)
A form of the simple base stock formula for the periodic review system is:
Base Stock (I)= Ad*r + ft + Z*C d (r+L) (1
Equation 1. Base-stock Equation with Demand Variability
where: I = Inventory available over coverage time, or WIP + FGI
r + L = coverage time, or review period + manufacturing lead time
p d = single period demand rate
0 d = single period standard deviation of demand
L = replenishment lead time
Z = customer service level factor (safety factor)
Figure 3.8 provides a graphical representation of the base stock model
INVENTORY
Base St ck Inventory Level
WMP CYCLE STOCK
Lr L SAFETY STOCK
Order Placed TIME
Order Arrives
Figure 2.9 Graphical representation of the base stock model
Service level and the safety factor, Z
Servic 90% 91% 92% 93% 94% 95% 96% 97% 98% 99% 99.9% 99.99
elevel %
Z 1.29 1.34 1.41 1.48 1.56 1.65 1.75 1.88 2.05 2.33 3.08 4.03
Table 2. Service level and the safety factor Z
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Also, it is useful to conceptually break the base stock inventory into its three components:
pipeline stack is equal to p d*L, cycle stock A d*r and safety stock is equal to
Zar d\r+ L)
The quantity r +L represents the time between reviews plus the time from review until the
product will be manufactured and available for use at the next stage (due date). For example,
if scheduling is done every five days (r =5), and production planned today is actually
completed in 9 days, then r +L = 14 days, regardless of the actual manufacturing or touch
time.
There are several key points worth discussing concerning the base stock model. First, the
model has a customer service focus rather than a cost focus. The model determines the base
stock inventory level (B) that is required to achieve a desired customer service level. In
contrast, many inventory models focus on costs by creating a total cost function and then
determining the inventory level that minimizes cost.
Second, the type of review system that is utilized (periodic or continuous) has an impact on
how the model operates. The primary difference between a periodic review system and a
continuous review system is the lead time element. With a periodic review system, the lead
time element is (r + L) (the review period plus the replenishment lead time). The level of
inventory (WIP inventory and FGI) is reviewed and replenishment orders equal to the
demand since the last replenishment are placed on a regular cycle (at t = Ir, 2r, 3r, etc.). The
periodic review system is similar to how a pull system operates in discrete time.
With a continuous review (Q,R) system, the lead time element is solely L (the replenishment
lead time). The level of inventory is continually assessed and known at any point in time.
Replenishment orders are placed when the level of inventory dips below a designated reorder
point (R). Although the capabilities are in place to determine what is in WIP and what is in
FGI on the H.C.Starck shop floor at any given point in time, it is not a simple task. During
my internship SAP data did not allow to make a sound judgment on inventory structure. Even
the definitions of WIP and FGI was opposite to those that are used in inventory management
theory. There was no unified source of the necessary information and the information has to
be drawn from different databases that led to intricate inventory analysis.
The difficulty in obtaining information coupled with the large number of products being dealt
with makes it currently infeasible to operate under a continuous review system. As a result, I
recommend for H.C.Starck to operate the base stock model under a periodic review system.
Thirdly, one needs to consider the presence and impact of variability on the supply chain.
There are three primary sources of variability in the supply chain: demand variability;
production yield variability; and lead time variability. Each source of variability needs to be
examined. Inventory is a tool that can be used as a countermeasure to variability in the supply
chain; however, high levels of variability require high levels of inventory to countermeasure
that variability and maintain desired customer service levels. Since production yield
variability in WMTD is relatively small less than 5% after discussion with WMTD manager
we decided to neglect its impact on required inventory level.
Inventory models generally assume that inventory patterns for cycle stock can be represented
by a general saw tooth diagram as shown in Figure 2.9.
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The presence of variability significantly alters the shape of the saw tooth diagram causing
numerous supply chain problems and negatively impacting inventory requirements. Figure
2.10 shows how each type of variability alters the saw tooth diagram and impacts order
patterns and inventory levels. The magnitude of the variability dictates how broad the
corresponding distributions on the diagram will be.
Brian Black (LFM 1998) developed an adaptation of the original base stock model to account
for production yield variability, and Mark Graban, building on Black's work, developed an
extension of the model to account for lead time variability. If there is variability associated
with the replenishment lead time, then demand must take into account both the average
replenishment lead time (PLT) and the variance of replenishment lead time (0LT2
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Figure 2.10 Sources of Variability in the Supply Chain
The safety stock portion of the base-stock model can be extended to account for variability in
lead time as described by Equation 2:
1=9 d r + A d ILT+ d (r+ LT ) + d 2LT
Equation 2. Base-stock Equation with Demand and Lead Time Variability
Conceptually, we use the base stock model to balance supply with probable demand. The
supply available over the time period (r +pLT) is given as I. Demand in this case is a random
variable, characterized by a single-period mean (p d) and a single-period standard deviation (0
d). Assuming that the demand is independent of supply and that it follows a well-behaved
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distribution, we will meet service if the demand over the coverage time (r +pLT) will be less
than or equal to:
Demand 1 (1)
The customer service level factor (Z) determines the probability that demand will be less
than or equal to the expression on the right. By setting the total base stock inventory (I) equal
to the expression given in equation (2), Z corresponds to the probability that supply will be
sufficient to meet demand until the next production arrives (r +JILT).
In order to ensure that the supply over the replenishment lead time exceeds the demand over
the replenishment lead time, we can re-write equation (3):
[( FGI - A 2 * (r +PLT2 d LT ) d aLT2
where: I = WIP + FGI, Inventory available over coverage time
r +ALT = coverage time, or review period + manufacturing lead time
p A = demand rate
C y = single period standard deviation of demand
pLT = mean replenishment lead time
0 LT = standard deviation of manufacturing lead time
Z = customer service level factor (safety factor)
In this equation Z denotes the safety factor for a specified probability that supply will be
greater than demand. This equation can be solved to determine (Z) to determine the expected
customer service level given the inputs from the supply chain.
Figure 2.11 proydes a graphical represeiption of the base ock model for the periodic
review system
L1L L
Baie-Sf5eV-- ~--- - - --_----------------------
I Inventory position
Reorder Point
Safety Stock = zC-d 4r+U
Figure 1.2. Inventory Level in a periodic review policy Time
Figure 2.11. Graphical representation of the base stock model for the periodic review
system
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Finally, the base stock formula demonstrates possible ways of inventory reduction. If
inventory levels are reduced without changing one or more of the other variable in the supply
chain, customer service levels will be negatively impacted. Inventory requirements are a by-
product of the supply chain. The characteristics of the supply chain must be changed before
inventory requirements can be altered According to the original formulation of the base stock
model, there are only four ways to reduce inventory in the supply chain without negatively
impacting customer service level.
1. Average demand (p) is reduced.
2. The standard deviation of demand (a) is reduced.
3. The review period (r) is decreased.
4. The replenishment lead time (L) is decreased.
If inventory is reduced without one of these corresponding events occurring, customer service
levels will decrease. This is the approach that needs to be taken when considering inventory
reductions.
3.4.2.Application of the Base Stock Model
I worked through two examples to understand and show the impact of variability on
inventory levels within the production. The two applications utilize the base stock model with
both demand and lead time variability.
The purpose of this example is to provide a general sense of inventory requirements for an
"A" and "B" items" when a base stock methodology is applied. Figures 2.12. and 2.13. goes
through the application of the base stock model on an actual product from one of the nine
primary customers.
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Figures 2.12. Base Stock Application for a "A item"
The graph shows on-hand inventory the difference between the base -stock and on-hand is
WIP. The example assumes that at time zero all the base stock inventory was in FGI and the
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month to month calculations are provided in Appendix B. The inventory graph exemplifies
several key points:
e No stock outs occurred over the fifty two-weeks period.
P Safety Stock represents a relatively small percentage of the total base stock inventory.
* The total base stock inventory level remains fairly stable around the calculated base
stock inventory level but always higher. This suggests that we may be able to reduce
safety stock a little bit.
Wire 0.0693 "B"
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Figures 2.13. Base Stock Application for a "B item"
The cycle stock follows a general saw tooth pattern with no wild fluctuations.
9 The majority of the inventory is WIP inventory. This is primarily due to the fact that
the replenishment lead time is so long (we assumed L = 4 weeks and r = 1 week).
"A" Items: CV <= 1.0 -"fast movers" "B" items: CV > 1.0 B items "slow
with relatively stable demand. movers" with extremely variable demand
No stockouts occurred over the fifty two- No stockouts occurred over fifty two-
weeks period. weeks period.
Safety Stock represents a relatively small Safety Stock represents a relatively large
percentage of the total base stock inventory percentage of the total base stock
for item "A" inventory for items "B "
The total base stock inventory level remains The total base stock inventory level
fairly stable around the calculated base remains fairly stable around the
stock inventory level but always higher. calculated base stock inventory level but
This suggests that we may be able to reduce always higher. This suggests that we may
safety stock a little bit be able to reduce safety stock a little bit
* The cycle stock follows a general saw The level of cycle stock fluctuates wildly
tooth pattern with no wild fluctuations. but does follow a saw tooth pattern.
* The majority of the inventory is WIP The majority of the inventory is FGI
inventory. This is primarily due to the fact inventory. This is primarily due to the fact
that the replenishment lead time is so long that the demand is low, demand is
(we assumed L = 1.254 months and r = 1 sporadic, and the order quantity is
month). significantly greater than annual demand.
Table 3. Summary of Base Stock application for"A" and "B"-types wire
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The application of the base stock model ensured that we would be able to maintain our
desired service level (i.e., there was never a situation where we had a stockout). However,
due to the irregular order patterns and significant variability associated with B items, it may
be advantageous to set the base stock inventory level differently utilizing judgment and data
rather than just purely statistics. For example, we could set the base stock inventory level to
the maximum demand over a 5 weeks period (r + L). This may result in lower inventory
levels without sacrificing customer service levels.
3.4.3. When should the Base Stock model be applied?
As the previous examples show, the base stock model can be applied to "A Items" without
carrying excessive amounts of inventory. However, when the base stock model is applied to a
"B Item" the results of the model dictate carrying excessive amounts of inventory to
countermeasure the significant variability. In most cases, the costs to carry inventory on
highly variable items are too great. As a result, the analysis would indicate that "B Items"
should be produced on a make to order basis rather than a make to stock basis. Unfortunately,
the market may not allow for items to be produced on a make to order basis if customers
place orders in a time frame that is less than the replenishment lead time.
The application of the base stock model within a manufacturing process that contains
significant amounts of variability (demand and lead time) will require excessive amounts of
inventory. Since keeping excessive amounts of inventory is usually infeasible from a cost
perspective, application of the base stock model may not be recommended and an analysis of
the trade-offs between service levels and costs needs to be done before the decision can be
made. One solution that can be examined (until variability on the production floor is reduced)
is to operate a make-to-order system for the majority of items and produce a small percentage
of critical items according to a base stock methodology.
However, as it is discussed in the next section, the base stock model may also be a feasible
methodology for "B items" (especially if the market requires high levels of service) but the
base stock inventory level would have to be set differently (i.e., use judgment and data rather
than just statistics).
One of the primary objectives of this work was to develop a methodology to engineer
inventory levels by product to meet support required customer service level. The base stock
model is an excellent tool to both shows how basic variables impact inventory requirements
and to determine engineered inventory levels through quantitative analysis.
3.5.1.Pseudo-heuristic approach
After I selected the nine primary customers, classified based on coefficient of demand
variation and determined where on shop floor WMTD must place buffers with intermediate
inventory, I had to assess optimal inventory level in those buffers.
In the tactical portfolio of inventory management theory there are a number of approaches to
determine inventory level. We explore what we call the pseudo-heuristic and traditional
(probabilistic) approaches which are presented at Figure 2.14 and 2.16.
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Figure 2.14 Pseudo-heuristic way of setting inventory targets
We proposed the pseudo-heuristic approach as one of the way of setting inventory targets.
The difference between the pseudo-heuristic approach and the traditional is the way how the
safety stock is calculated. In the traditional approach the safety stock is bound to the preset
service level. It's fixed and considers all possible demand variations. In the pseudo-heuristic
approach by calculating Z-factor for each week we adjusting inventory level to the forecasted
sales so that inventory sufficiency requirement would come true (See inequality 1). Then we
selected minimal value for Z-factor out of 52 different (based on assumption of 52 weeks in
year) so that it addressed two requirements. First, it must be the least out of all possible
values and at the same time the chosen Z must correspond to the probability that the amount
of inventory will be sufficient to meet demand until the next production arrives over the
whole year. This approach allowed to keep the safety stock fixed and in the same time to hold
minimum inventories to address fluctuations in demand. Instead of consideration of all
possible statistical data for demand inputs to the base-stock formula as we did in a traditional
approach, we used the latest available demand forecast. Since weekly forecasts for finished
wire were not available, the product structure of the future sales was based on the previous
year weekly percentages of delivered products.
I embedded an equation 2 for the base-stock formula into a Microsoft@ Excel spreadsheet
and using Visual Basic macros, I created a tool (figure 2.15) that calculates minimal optimal
service level based on demand, and supply chain inventory data and current yield. The
minimal service level was chosen subject to the requirement of inventory sufficiency - the
sum of supply over the replenishment lead time, work-in-process in pipeline and finished
goods inventories in buffer must exceed the demand over the replenishment lead time
(inequality 1). We iteratively ran equation for the base-stock formula in order that inequality
1 would come true for each week. After that the Visual Basic program chooses the minimal
optimal service level so that of inventory level in buffers would be always sufficient to meet
required demand. This allows the user to predict customer service levels for various wire
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demand scenarios and be flexible in responding to increases or decreases of customer
demand.
The main advantage of the pseudo-heuristic approach is that it is based on idea of holding
minimum inventories to address fluctuations in demand and to address the level of variability
in the lead time needed to replenish inventory. Even though from academic standpoint it
seems that with pseudo-heuristic approach, H.C.Starck does not drive customer service level
and just the contrary, demand behavior drives customer service level and H.C.Starck properly
reacts to it, but from the practical point of view, providing comparable customer service level
the company keeps less inventory on production floor and saves its flexibility to momentarily
react to the changing demand. Because the pseudo-heuristic incorporates weeks of inventory
as a variable, the pseudo-heuristic is not static and can adapt to new trends in customer
demand
Figure 2.15. Inventory targets calculator
Another strong side of pseudo-heuristic, method is in its implementation. It provides a
straightforward rule that is easy to understand and communicate throughout all departments
at the company. Also a simple pseudo-heuristic makes it easy to communicate the inventory
strategy, reduces complexity, and minimizes the possibility of making major mistakes. With
the number of wire SKUs in the hundreds products being produced and shipped regularly and
product demand often changing, H.C.Starck's business is getting more complex.
The pseudo-heuristic shields employees from a highly complex manufacturing process that is
extremely difficult to model quantitatively. Traditional inventory models are based on
assumptions that may not be accurate, simplistic and significant work and resources would be
needed to come up with a quantitative inventory model that accurately reflects H.C.Starck's
reality. If a simple pseudo-heuristic can work relatively well and can eliminate dealing with
all the variables and complexity, a pseudo-heuristic approach would be preferred.
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The pseudo-heuristic approach is a experience-based and time-tested. Another advantage of
the pseudo-heuristic is that it seems to have worked "well" over time without significant
crises arising out of the approach. Apparently enough slack has been built into the pseudo-
heuristic that it has been able to address many of the complexities in the manufacturing
processes to date.
For this model, I used forecasted demand numbers for demand mean and standard deviation,
as well as data of historic demand structure to determine a monthly breakdown by time
periods, by customers and by products. The result of my calculation based on the structure of
2003 historical sales (when H.C.Starck operated in regular mode, not at capacity as it was in
the case of 2004) with customer service level of 99.9% can be seen in the table below:
Base- Weeks
stock of
Parent Average FGI in Average FGI + WIP on the level, supply,
diameters buffer, lbs shop floor, lbs (99.9%)lbs lbs
0.1030 453.14 1299.30 1760.00 2.64
0.0287 1660.88 4830.11 5598.00 2.57
0.0346 1082.46 3953.61 4524.00 1.80
0.0422 793.89 3128.51 3575.00 1.60
0.0568 0.00 0.00 0.00 0.00
0.0693 0.00 0.00 0.00 0.00
3990.37 13211.53 15457.00
Table 4. Results of Base Stock application for"A" -type wire
We used the periodic review base stock model to calculate inventory targets for the WMTD
department. I discussed the base stock model with the wire production manager and planner,
but we did not have time to implement these new inventory targets since H.C.Starck
produced at capacity in the second half of 2004 and it was required an additional production
capacity to produce and accumulate required amount of FGI.
The analysis of application of traditional inventory theory to determine inventory targets is
explored in the next section.
3.5.2.Traditional (Probabilistic) approach
Unlike heuristic approach the traditional considered statistical demand data as input to base-
stock formula for periodic review pull system. It assumes a consideration of all possible
demand scenarios to calculate the inventory level needed to meet a required 100% customer
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Monte-Carlo experimentation
Figure 2.17. Monte-Carlo generated FGI distribution for "parent diameter" 0.0287 wire
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is the use of simulated random numbers to estimate some functions of a probability
distribution.
Initial data for this method that we input in this model were average monthly demand over
the previous year, standard deviation of demand over lead time and the coefficient of
autocorrelation that considers behavioral influence of the previous month sales on the current
sales. We ran Monte Carlo simulations for each semi-finished "parent diameter" wire
demand based on its historical trading pattern. In our simulation we ran 1000 iterations. For
each trial the spreadsheet that I created calculated the amount of inventory we need to keep to
cover future demand with 99.9 % probability (Z=3.04). The main equation that based on
periodic review base-stock formula Figure 3.8. illustrates the result arranged into a histogram
(wire diameter 0.0287). As it can be seen the spread between the 5th and 95th percentiles
shown is approximately 3334 lbs or 359 percent of the 5th percentile quantity
Based on Monte Carlo method to respond to the future demand with 99.9 % probability
WMTD needs to keep in the buffer in average 56 % more of "parent diameter" wire FGI than
what we calculated in pseudo-heuristic approach.
Comparative results of two approaches can be seen in exhibit below
Table 5. Comparative results of Probabilistic and Deterministic
Stock application
approaches to Base
As it was shown, in the case of pseudo-heuristic approach, the company, providing
comparable customer service level, keeps less inventory on production floor and saves its
flexibility to momentarily react to the changing demand. Given recent demand and supply
data, I used this model to calculate targets for the WMTD, expressed in desired level
inventory that is considered as a work in process and desired finished goods inventory. Since
lead time is variable, these targets will vary according to the actual level of finished goods
inventory.
The inventory targets currently in use are fairly close to those that pseudo-heuristic model
calculated. They were in line with the expectations of manager who is the familiar with the
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Average Weeks
Parent Approach FGI in Max (99.9%) Average FGI + Base-stock of
diameters buffer, FGI in WIP on the level, Max supply,
lbs buffer, lbs shop floor, lbs (99.9%)lbs lbs
0.1030 Determ. 453 1331 1299 1760 2.6Probabil. 1041 4209 1903 3973 6.1
Determ. 1661 4479 4830 5598 2.60.0287 Probabil. 2196 7494 5285 8233 3.4
Determ. 1082 3794 3953 4524 1.8
Probabil. 1423 3911 4298 5779 2.4
Determ. 794 2958 3129 3575 1.60.0422 Probabil. 1551 5015 3930 5942 3.1
Determ. 3990 12562 13211 15457
Total Probabil. 6211 20629 15416 23927
products. This similarity between the model generated targets and the team's intuition helped
facilitate acceptance of the base stock model with pseudo-heuristic approach. These targets
were, however, lower than actual inventory. By setting targets that included both WIP and
FGI, we would make the production planning process more focused on replenishing current
demand.
3.6. Anticipation stock
Thus far, I have described the models that I used to set inventory targets sufficient for meeting
random orders with stable demand (CV<1.0). In this section I propose an anticipatory
stocking strategy for meeting orders with unstable demand (CV>1.0). Anticipation stocking
strategy is a set of inventory management measures allowing to counteract demand
seasonality based on expected wire availability, current capacity constraints, and
unanticipated orders. It enables the company to smooth its production. There are two
elements to meeting unstable demand: semi fmished wires availability and capacity.
3.6.1. Wire Availability
To set an anticipation stocking strategy that is appropriate to meet unstable demand orders, I
explored three questions. First, what is the time frame that the anticipation stock should
cover? Second, how much anticipation stock is appropriate? Third, how should capacity
affect the stocking strategy?
To determine the appropriate time frame, I considered the response time from various points
in the supply chain. The figure below illustrates this principle using discussed lead times.
Sintering 26 PHASE1 3 PHASE 2 Finished 3-5 Ship to
Plant days MAIN days 5 daXjire stage days the
PARENT PARENT customer
DIAMETER DIAMETERS
103"
Figure 2.18. Anticipation Stock
Since company does not stock FGI there is no necessity to keep any stock of finished wire.
Hence we can assume that stocks at phases "Ship to customer" and "Finished wire" stages
equal zero. Assuming that capacity is not an issue, then anticipation stock held at stage
"Finished wire " has a response time equal to the delivery time to the customer, or 5 day (we
consider the extreme value). For stock at location after "phase 2"Parent diameters", the
response time is equal to the cumulative lead time of "Finished wire" stage and delivery time
to the customer, or nine days. Since we were required to deliver within 10 days we placed
anticipation stock after phase 2"Parent diameters".
To determine an appropriate stocking level, I did two things. First, I reviewed historic order
with unstable demand. In doing so, I used a sliding window the size of the cumulative lead
time (in the above example this would be 2 weeks) to look at historic order demand for a
given wire type. I then established the maximum historic demand over this cumulative lead
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time as a baseline. The table below shows an example of order demand over such a sliding
window.
Starting Ending week Historic orders over time interval sliding window for "B-
week type" "Parent Diameter" 0.0287 wire, Ibs
1 2 119
3 4 150
5 6 69
Table 6. Unstable Demand Order Example
In the above table, the baseline number for orders is 150 (in actuality, we would want to look
at more than three intervals). Once I had calculated a baseline, I used it as a starting point to
determine an inventory target based on expectations of future "B-type" orders. This
anticipation stock target reflected the maximum expected "B-type" order demand over future
cumulative lead time intervals. Once I determined the anticipation stocking levels, I had to
find where on the production floor the stock should be held. To do this, we considered the
response time from various points on the production floor, as shown in figure 3.18. Based on
historic orders for "B-type" wire demand and calculated capacity and throughput time of the
stage 3, I recommend the following relative anticipation stocking strategy for the
intermediate diameter wire types used in production finished tantalum wire:
Parent diameters Average FGI in buffer, lbs
0.1030 215
0.0287 189
0.0346 453
0.0422 312
0.0568 640
0.0693 518
Total 2326
Table 7: Proposed Anticipation Stock Targets (relative lbs)
Since it is less costly to hold inventory earlier in the process (i.e. fewer value-added and
differentiating operations have been performed), there is a tradeoff between cost and
customer service. The farther back the inventory is held, the less expensive it is, but the
longer it will take to complete the order. The ultimate solution is to hold it as far back as
possible consistet with required cycle time.
This proposed approach to anticipation stock differed from the way "B-type" demand wire
orders were handled in the past. Rather than having separate anticipatory stocking targets,
those orders were factored into and out of the forecast as they were anticipated. This led to
inventory levels that sometimes appeared to be justified and sometimes did not. As a result,
the level of expedite and de-expedite activity was greater than the actual large orders should
have warranted.
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Due to time and resource constraints, I did not succeed in implementing my proposal while I
was at H.C.Starck. Nevertheless I believe that such a strategy will benefit the supply chain.
First, it should reduce the degree to which inventory oscillates, since a stable target would
replace greatly varying forecasts. Second, it allows WMTD to make a quantifiable tradeoff
between maximum "B-type" demand wire orders that can be supported and inventory
investment.
It can be seen that in comparison with the level of inventory on the production floor in
January 2004 inventory can be reduced almost by 37% providing satisfactory customer
service level:
"A" type + Goal 2004* Potential savings (lbs) In %
Inventory "B"type wire
level inventory
15537 24750 9213 37%
*55% of all inventories are in phase I and 2 including buffer, goal 2004 - 45000 lbs
Table 8:Comparison of Calculated and Actual Inventory Level (lbs)
3.6.2.Capacity
The strategy described above assumes that if parts are available, then a random order,
whatever its size is, can be processed according to normal manufacturing lead time. Lead
time, however, is often related to capacity and demand. In cases where a large order arrives,
activities such as overtime can be used to process the additional units. An additional tool that
I created is also well suited to the wire manufacturing environment. Since random "B-
type"wire orders are known a few weeks in advance with some confidence, we can forecast
the amount of time it will take to assemble the additional units at some probability
corresponding to the safety factor z. This calculation tool works by solving the equations for
tn and t0:
Sn* tn - O-pd* tn - Z Cd tn 0 (8)
SO* tO - 0 -pd* tO - Z Cd 4 to 0 (8)
Where S, and S, = the weekly capacity without and with overtime, respectively
o = the size of the large "B"-type order
t= the time needed to make the order at a confidence factor of z
ptd and Od = the weekly demand mean and standard deviation excluding the large order
The first equation solves for the time needed without using overtime, and the second solves for
overtime conditions.
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Figure 2.19. "B-type" Order Calculator
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Chapter IV. SUMMARY
By utilizing appropriate models that consider sources of variation, time requirements, and
customer service goals, we can set inventory targets throughout a supply chain which are
appropriate for meeting customer demand. By implementing the necessary supporting operating
procedures, we can improve our performance relative to these inventory and customer service
targets. This process of modeling and implementation can help to uncover and quantify further
improvements.
At H.C.Starck, we were able to identify models that are applicable to the WMTD production floor.
By using these models we were able to quantify inventory levels appropriate to meeting customer
service goals.
We address a number of goals. First, a mathematically based approach to setting inventory targets
simplified the process of setting the inventory targets. By standardizing this process, it became
easier for a planner without years of experience with these products to set appropriate inventory
targets. Also, production scheduling became a replenishment-based system which smoothed
production, simplified the scheduling process, and helped in achieving the inventory targets.
While WMTD started to make the changes that would allow it to meet these new inventory
targets, much remains to be done.
4.1 Identify and make necessary changes to meet inventory targets
For the inventory targets to be effective in achieving the desired customer service levels,
operations processes need to support the underlying assumptions of the model. This section
describes implementation progress and the challenges that can be encountered during
implementation.
The goal of my research and work at H.C.Starck was to provide a framework for setting and
reviewing inventory targets, to satisfy customer's delivery time requirement and to begin
implementing this framework on the production floor. While we developed the framework and
identified the operational changes needed to support them, implementation was still in the early
stages by the end of my research assignment. The implementation was carried out at one level
within the department specifically focused on custom made capacitor grade tantalum wire
production.
Our goal was to implement a replenishment-based pull system that was more tightly coupled to
actual demand than was the current system. To help tie production to demand, we created a
worksheet which could be used each review period to plan amount of FGI and WIP inventory.
Essentially, it listed for each "parent diameter" the desired base stock level. It also considers the
orders received over the previous review period to arrive at a desired production figure. We would
then schedule as much of the desired production as possible, resulting in a new base stock shortage
for the following review period.
At WMTD there had been no explicit stocking targets in the past. By creating a useable model in
the form of a spreadsheet, I hoped to simplify the transition to explicit inventory targets. The new
base stock targets is lower than the actual inventory level in January 2003. The additional savings
could be achieved by reducing lead time and review period. At the time that we were exploring
these possibilities, other projects of higher priority took the resources needed to make these
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changes. When my proposal will be implemented fully it will represent a total WMTD inventory
reduction by approximately 37% at the adequate level of customer service. However, as of
December when I finished my research, the model was not being used to plan production.
Nevertheless, the same base stock model and replenishment system principles can be applied
throughout the whole H.C.Starck supply chain that can led to additional savings.
The following three charts show that there is a sizeable opportunity for using such a model. For
the three type of "parent diameter" wire (0.0287", 0.0346" and 0.0422"), I show the actual
inventory in terms of weight at for a recent 12 month period. I also show the model-based target as
a line across the chart.
Fiqure 3.1. "Parent diameter 0.0287" wire Actual and Tarqet Inventorv
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"Parent diameter" 0.0287" wire had too little inventory on the production floor until month 11,
when inventory began to rise rapidly. This would suggest that during the first ten months part
shortages kept customer service below the desired level. The inventory buildup during the last two
months is the result of a decision at WMTD to build ahead of demand to protect against shortages
during a new manufacturing process ramp-up.
Figure 3.2. "Parent diameter 0.0346" wire Actual and Target Inventory
Except for months 3 and 9, "Parent diameter" 0.0346" wire inventory was consistently higher than
the target. Consequently parts shortages for this product were extremely rare, and there is a
potential for significant inventory savings.
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Figure 3.3. "Parent diameter 0.0422" wire Actual and Target Inventory
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"Parent diameter" 0.0422" wire was understocked for the first eight months. After chronic
shortages, WMTD raised inventory. It appears that in the absence of formal modeling tools and
techniques the inventory was raised higher than needed. Part of this inventory buildup is also due
to the new manufacturing process ramp-up.
4.2.Outstanding Issues
4.2.1.Training
To use the framework I have described, it is important that the people involved in setting
inventory targets and identifying operations improvements understand the underlying principles.
To this end, I developed and made informal presentation on the principles behind the models used,
and the processes which would support them.
4.2.2.Systems
If the desired change is not embedded into current processes, or into new processes, the change
will probably not endure. At H.C.Starck processes were formalized and relied on computer
systems, such as SAP, while others were less formal and did not rely on an explicit information
system.
Appropriately embedding the models within the systems and processes that people on the shop
floor use remains an important task that would help ensure the success of this project.
4.3. Establish regular review process
It is important to regularly review performance and goals for at least two reasons. First, by
reviewing performance relative to inventory and customer service, we can learn how we are doing
compared to the model and find areas in which to improve execution. Second, by reviewing
inventory targets and the underlying parameters, we can make adjustments as conditions such as
demand or lead time change.
4.3.1. Metrics and performance measurement
While there may be no ideal set of metrics that will automatically drive the right behavior across
an entire production floor, thoughtfully chosen metrics can help create organizational alignment.
Metrics which show total inventory vs. desired inventory (such as are shown in figures 3.1-3.3.),
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customer service levels (on-time delivery), and manufacturing cycle time are useful in assessing
performance and identifying improvement opportunities.
4.3.2. Model maintenance
Since we are modeling a dynamic manufacturing system, with products whose demand
characteristics change over time due to competitive forces and product lifecycle issues, it is
important that we regularly review our model parameters and assumptions. At H.C.Starck, I
proposed a monthly process, where we would review the following:
" Previous month base stock targets
" Performance vs. targets, with root cause analysis
* Demand mean and standard deviation
* Review period and manufacturing cycle time
* Customer service level
* Anticipation stock targets
* Product Lifecycle: New and End-of-Life Products
Once these parameters have been reviewed, new base stock targets can be generated from the
model for the next month.
4.4. Results
While implementation was not complete by the time my research ended, the following results
could be either achieved or projected from further implementation of the framework.
4.4.1. Lower inventory
Inventory could be decreased by 37% total below the January 2004 level without further lead time
improvements. We projected that this inventory could be cut by 50% of January levels by going to
a weekly review period and changing the lead time from 47 days to 28 days. I estimated potential
WMTD inventory reductions of $60,000 compared with December levels. This estimate makes the
conservative assumption that we will need to increase stocking levels for intermediate diameters
wire with unstable demand to support my proposed anticipation stocking policy.
4.4.2. Improved customer service
While it was still too early to know how customer service will change as a result of implementing
this framework, I believe that it will probably increase before stabilizing at our stated customer
service level target. This is due to the fact that by taking additional inventory to the system enables
company to meet incoming orders with higher level accuracy. This is desirable as it forces the
manufacturing system to deal with problems that have been hidden in the past.
4.4.3. Improved inventory control
Adopting a replenishment production system will reduce or eliminate oscillations due to forecast
error. While production will vary as orders vary, these variations are smaller than the actual
production variations experienced by building to the inaccurate forecasts that the WMTD has been
using.
4.4.4.Simplified management processes
This base stock model and replenishment system framework simplifies inventory management for
a number of reasons.
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First, inventory targets are easily calculated and understood. By using parameters of supply and
demand these models create more accurate targets while requiring less effort and direct product
experience. These targets are set to meet explicit customer service goals.
Second, deciding what to build becomes a simple function of demand. There will always be
exceptions, such as quality problems, excessive demand, and parts shortages. Even so, the
scheduling process under the base stock framework is much more straightforward than the current
system of negotiating desired build vs. forecasted schedule. When exceptions occur, they will be
more visible than if there were excess stock, and they can be more effectively prevented in the
future.
4.5 Identify improvement opportunities
As described in section 2.5, using the framework helped to highlight the relative inventory
reduction opportunities by quantifying potential inventory savings associated with reducing lead
time or review period. Generally speaking, reducing the review period and manufacturing lead
time will help reduce both pipeline stock and safety stock.
The models used to establish targets can also be used to quantify the inventory according to the
reasons for holding it. They can then be used to help target improvement activities. For example,
we can quantify potential savings of decreasing review period, manufacturing lead time, and
demand variation. The lead time variation-enhanced model allows us to further quantify the
inventory related savings of lead time improvements.
4.5.1.Global Supply Chain opportunities
When each department sets inventory targets in a consistent manner and considers downstream
inventory and customer demand when scheduling production, inventory can be globally
optimized.Previously there were occurrences at H.C.Starck in which one department would stop
ordering from the upstream department in order to meet a local inventory goal. This cutback in
orders would then be perceived as a drop in end-customer demand. The effects of one department
seeking a local optimum are inventory and production oscillations that would be amplified as they
travel up the supply chain.
Often, the metrics by which an individual's success is measured focus on local performance. As
such, they often do not align the people of different departments within a supply chain to find and
achieve a more global optimum. For example, basing performance primarily on local inventory
creates a powerful incentive for departments to shift inventory upstream or downstream to another
department. This can lead to inventory oscillations and periods of product or component shortages.
I believe that the reporting structure at H.C.Starck presents another challenge to achieving a global
focus. Since the company's manufacturing groups seem to be dominated by product-flow focused
organizations, it becomes more difficult to negotiate the proper metrics and goals, since there is no
single authority to help align the different parties that are involved in meeting customer demand.
One possible solution is to have a supply chain champion whose mission and authority allows him
or her to align the various functions and departments to set appropriate inventory goals, and to
develop and implement the processes that will achieve them.
A third specific challenge is that tantalum wire used at production capacitors are a small
percentage of H.C.Starck revenue and volume. This can make it difficult to get the resources
needed to implement this framework across the entire supply chain. However, this portion of
WMTD's product line can be seen as a pilot program, with savings and improvements being
66
readily transferable to other product lines. Again, a key part of the success of this program is
identifying an individual to drive these efforts as supply chain champion.
Chapter V.CONCLUSION
5.1.RECOMMEMDATIONS
Based on my work and research, I have made the following recommendations to H.C.Starck:
5.1.1.Process Development
Within WMTD, process should be continually refined to support the production and inventory
framework. The main components of the monthly process that I proposed WMTD to maintain its
inventory and production modeling are listed below.
1. Characterize demand and forecast accuracy
" Calculate current products' demand averages and standard deviations
" Compare average demand with forecast, and parts schedule
" Investigate significant discrepancies (e.g. demand = 3000, but forecast = 4000)
* Adjust demand parameters (p d, ad), forecasts, and parts schedules as necessary
2. Set Base Stock Levels
* Calculate base stock levels for continuing products
" Revise parts schedules as necessary to establish/change base stock levels for "parent diameters" wires
with stable demand
3. Set Anticipation Stock Levels
9 Identify max demand for orders over total lead time (use 6 to 12 months of data, if
possible)
" Create proposal for anticipation stock levels and locations
* Propose anticipation stock strategy to business unit, revise and get buy-in
" Revise parts schedules as necessary to establish/change anticipation stock levels for "parent
diameters" wires with volatile demand
4. Set Parts Schedules
e Adjust safety stock levels based on revised forecasts and anticipation stock levels set in
production planning meeting
9 Adjust schedules based on production planning meeting
5. Set Production Capacity
* Adjust capacity levels based on revised forecast
5.1.2.Wire Technology and Manufacturing Department: Visual Inventory System
One of the primary barriers to fully implementing the framework at WMTD was the way in which
tantalum powder procurement affected production scheduling. As mentioned earlier, the
purchasing department typically controlled the production scheduling meetings since the ERP
schedule was the de facto production schedule. Any change to this ERP schedule due to
differences between forecast and demand resulted in a negotiation over whether ignots would be
available, or what to do with excess parts. An experienced manager pointed out to me the wisdom
of having a visual inventory and production system. In fact, without such a system, the
implementation of my work would be seriously limited. What is needed is a simple system in
which it is visually clear to purchasing and production personnel whether there is sufficient
inventory to meet demand. The Toyota Production System is an example of this type of a go/no-go
system. H.C.Starck will have also had success in implementing such systems in its tantalum wire
production..
67
00
I..1:1.IIJii iiiICC CUzICCifII~i11~1
liii'"ii'II bilH~zii§i tie0
go
vlit
Ik
IIIii2'iiCii'ji~p ~£1111
~lht
L
IiiiiiIIlklitIiiI
j A
GO)
PC0Qi
Appendix B. Month to month calculations for Base Stock Application for a "A" Item
Inventory by weeks(z constant only over I week)
3500.0
:e2500.00
5(OD
5m00
0.00
Safety
-+FGk=Safety
+Cyde
Total=FG+
HP
weeks
Cycle
Arrived Stock+Safety
Start of Order order Safety Stock WIP Total
Month Demand Quantity (optimum) (calculated) (Calculated)
2005 0 0 0 0.00
Jan 1 344.9 0 0 823.17 2958.22 0.00 2958.22
2 344.9 360 0.0 823.17 2613.27 360.00 2973.27
1 3 344.9 360 0.0 823.17 2268.32 720.00 2988.32
4 344.9 360 0.0 823.17 1923.37 1080.00 3003.37
Feb 5 449.5 360 0.0 823.17 1473.87 1440.00 2913.87
6 449.5 460 0.0 823.17 1024.37 1900.00 2924.37
7 449.5 460 360.0 823.17 934.87 2000.00 2934.87
8 449.5 460 360.0 823.17 845.37 2100.00 2945.37
Mar,5 9 402.4 460 360.0 823.17 802.93 2200.00 3002.93
10 402.4 420 360.0 823.17 760.50 2260.00 3020.50
11 402.4 420 460.0 823.17 818.06 2220.00 3038.06
12 402.4 420 460.0 823.17 875.63 2180.00 3055.63
13 402.4 420 460.0 823.17 933.19 2140.00 3073.19
Apr 14 511.3 420 460.0 823.17 881.92 2100.00 2981.92
15 511.3 520 420.0 823.17 790.66 2200.00 2990.66
16 511.3 520 420.0 823.17 699.39 2300.00 2999.39
17 511.3 520 420.0 823.17 608.12 2400.00 3008.12
May 18 514.1 520 420.0 823.17 514.06 2500.00 3014.06
19 514.1 520 420.0 823.17 420.01 2600.00 3020.01
20 514.1 520 520.0 823.17 425.96 2600.00 3025.96
21 514.1 520 520.0 823.17 431.91 2600.00 3031.91
Jun,5 22 501.6 520 520.0 823.17 450.33 2600.00 3050.33
23 501.6 520 520.0 823.17 468.75 2600.00 3068.75
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25 501.6 520 520.0 823.17 505.59 2600.00 3105.59
26 501.6 520 520.0 823.17 524.01 2600.00 3124.01
Jul 27 585.0 520 520.0 823.17 458.97 2600.00 3058.97
28 585.0 600 520.0 823.17 393.92 2680.00 3073.92
29 585.0 600 520.0 823.17 328.87 2760.00 3088.87
30 585.0 600 520.0 823.17 263.83 2840.00 3103.83
Aug 31 392.7 600 520.0 823.17 391.13 2920.00 3311.13
32 392.7 400 520.0 823.17 518.43 2800.00 3318.43
33 392.7 400 600.0 823.17 725.73 2600.00 3325.73
34 392.7 400 600.0 823.17 933.02 2400.00 3333.02
Sep,5 35 448.0 400 600.0 823.17 1085.04 2200.00 3285.04
36 448.0 460 600.0 823.17 1237.05 2060.00 3297.05
37 448.0 460 400.0 823.17 1189.07 2120.00 3309.07
38 448.0 460 400.0 823.17 1141.08 2180.00 3321.08
39 448.0 460 400.0 823.17 1093.10 2240.00 3333.10
Oct 40 495.5 460 400.0 823.17 997.61 2300.00 3297.61
41 495.5 500 460.0 823.17 962.12 2340.00 3302.12
42 495.5 500 460.0 823.17 926.64 2380.00 3306.64
43 495.5 500 460.0 823.17 891.15 2420.00 3311.15
Nov 44 632.8 500 460.0 823.17 718.35 2460.00 3178.35
45 632.8 640 460.0 823.17 545.54 2640.00 3185.54
46 632.8 640 500.0 823.17 412.73 2780.00 3192.73
47 632.8 640 500.0 823.17 279.92 2920.00 3199.92
Dec,5 48 626.0 640 500.0 823.17 153.90 3060.00 3213.90
49 626.0 640 500.0 823.17 27.89 3200.00 3227.89
50 626.0 640 640.0 823.17 41.87 3200.00 3241.87
51 626.0 640 640.0 823.17 55.85 3200.00 3255.85
52 626.0 640 640.0 823.17 69.83 3200.00 3269.83
Jan-
06 53 5118.7 640 640.0 0.00 0.00 2560.00 2560.00
54 5118.7 5120 640.0 0.00 0.00 1920.00 1920.00
55 5118.7 5120 640.0 0.00 0.00 1280.00 1280.00
64 0.00 640.00 640.00
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823.17 487.17 2600.00 3087.1724 501.6 520 520.0
Appendix C. Month to month calculations for Base Stock Application for a "B"
Inventory by weeks (z constant only over I week)
s+ Safety
-- FG=Safet
weeks
Cycle
Start Stock+Safety
of Order Arrived Safety Stock Total
Month Demand Quantity order (optimum) (calculated) WIP (Calculated)
2005 0 0 0 0.00
Jan 1 0.0 0 0 0.00 860.00 0.00 860.00
2 0.0 0 0.0 0.00 860.00 0.00 860.00
3 0.0 0 0.0 0.00 860.00 0.00 860.00
4 0.0 0 0.0 0.00 860.00 0.00 860.00
Feb 5 0.0 0 0.0 0.00 860.00 0.00 860.00
6 0.0 0 0.0 0.00 860.00 0.00 860.00
7 0.0 0 0.0 0.00 860.00 0.00 860.00
8 0.0 0 0.0 0.00 860.00 0.00 860.00
Mar,5 9 156.5 0 0.0 0.00 703.47 0.00 703.47
10 156.5 160 0.0 0.00 546.93 160.00 706.93
11 156.5 160 0.0 0.00 390.40 320.00 710.40
12 156.5 160 0.0 0.00 233.87 480.00 713.87
13 156.5 160 0.0 0.00 77.34 640.00 717.34
Apr 14 194.8 160 0.0 257.20 139.78 800.00 939.78
15 194.8 200 160.0 257.20 105.02 840.00 945.02
____ 16 194.8 200 160.0 257.20 70.26 880.00 950.26
5 17 194.8 200 160.0 257.20 35.51 920.00 955.51
May 18 239.8 200 160.0 471.54 170.08 960.00 1130.08
19 239.8 240 160.0 471.54 90.32 1040.00 1130.32
20 239.8 240 200.0 471.54 50.56 1080.00 1130.56
21 239.8 240 200.0 471.54 10.80 1120.00 1130.80
Jun,5 22 175.5 240 200.0 471.54 35.33 1160.00 1195.33
23 175.5 180 200.0 471.54 59.87 1140.00 1199.87
Mar,5 124 175.5 180 240.0 471.54 124.41 1080.00 1204.41
25 175.5 180 240.0 471.54 188.94 1020.00 1208.94
1 26 175.5 180 240.0 471.54 253.48 960.00 1213.48
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28 225.9 240 180.0 342.94 93.03 960.00 1053.03
29 225.9 240 180.0 342.94 47.10 1020.00 1067.10
30 225.9 240 180.0 342.94 1.18 1080.00 1081.18
Aug 31 205.1 240 180.0 428.67 61.81 1140.00 1201.81
32 205.1 220 180.0 428.67 36.70 1180.00 1216.70
33 205.1 220 240.0 428.67 71.59 1160.00 1231.59
34 205.1 220 240.0 428.67 106.48 1140.00 1246.48
Sep,5 35 201.5 220 240.0 300.07 16.43 1120.00 1136.43
36 201.5 220 240.0 300.07 54.97 1100.00 1154.97
37 201.5 220 220.0 300.07 73.52 1100.00 1173.52
38 201.5 220 220.0 300.07 92.06 1100.00 1192.06
39 201.5 220 220.0 300.07 110.61 1100.00 1210.61
Oct 40 241.0 220 220.0 300.07 89.57 1100.00 1189.57
41 241.0 260 220.0 300.07 68.52 1140.00 1208.52
42 241.0 260 220.0 300.07 47.48 1180.00 1227.48
43 241.0 260 220.0 300.07 26.43 1220.00 1246.43
Nov 44 247.4 260 220.0 342.94 41.95 1260.00 1301.95
45 247.4 260 220.0 342.94 14.60 1300.00 1314.60
46 247.4 260 260.0 342.94 27.25 1300.00 1327.25
47 247.4 260 260.0 342.94 39.89 1300.00 1339.89
Dec,5 48 155.8 260 260.0 0.00 15.53 1300.00 1315.53
49 155.8 160 260.0 0.00 119.77 1200.00 1319.77
50 155.8 160 260.0 0.00 224.01 1100.00 1324.01
51 155.8 160 260.0 0.00 328.26 1000.00 1328.26
52 155.8 160 260.0 0.00 432.50 900.00 1332.50
Jan-
06 53 1772.4 160 260.0 0.00 0.00 640.00 640.00
54 1772.4 1780 160.0 0.00 0.00 480.00 480.00
55 1772.4 1780 160.0 0.00 0.00 320.00 320.00
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225.9 240.0180 342.4 ,I 138.95 900.00 1038.95Jul 27
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